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a lesson summary- (Progress checks are provided for each lesson in a 
separate document* CE 026 562,1 (LEA) 
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The military-developed curriculum materials in this course 
padcage were selected by the National Center for Research in 
Vocational Education Military Curriculum project for di^san- 
ination to the six regional Curriculum Coordination Centers and 
other instructional materials agoicies. The purpose of 
disseminating ttiese courses was to make curriculum materials 
developed by the military m^re accest^^ble to vocational 
educators in the civilian setting. 

The course materials wei3 acquired^ evaluated by project 
staff and practitioners in the field, and prepared for 
dissemination. Materials which were specific to the idlitary 
were deleted^ oopyri^ted materials were either omitted or aET>ro- 
val for their use was obtained. These oomrse packages contain 
curriculum resource materials which can be adapted to support 
vocational Instruction and curriculum develcpnent* 
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Military 

Curriculum Materials 
Dissemination Is . . , 



What Materials 
Are Available? 



J i 



How Can These 
Materials Be Obtained? 



an activity to increase the accessibility of 
military-developed curriculum materials to 
vocational and technical educators, 

*■ 

This project, funded by the U-S. Office of 
Education, includes the identification and 
acquisition of curriculum materials in print 
fornipfrom the Coast Guard, Air Force, 
Army, Marine Corps and Navy. , 

Access to military curriculum materials is 
provided through a "*^int Memorandum of 
Understanding" betw&n the U-S. Office of 
Education and the D^artment oi Defense. 

Jhe acquired materials are reviewed by staff 
and subject matter specialists, and courses 
deemed applicable jto vocational and tech- 
nical education are selected for dissemination. 

The National Center for Research in 
Vocational Education is the U-S. Office of 
Education's designated representative to 
acquire the materials and conduct the project 
activities, 

Project Staff; 

WesleirE. Budke, Ph.D., Director 
National Center Clearinghouse 

' ShirleyA. Chase, Ph.D. 
Project Director 



One hundred twenty courses on microfiche 
{thirteen in paper form) and descriptions of 
each have been providd^ to the vocational 
Curriculum Coordination Centers and other 
instructional materials agencies for dissemi- 
^nation. 

Course materials include progremmed 
instruction, curriculum outlines, instructor 
guides, student workbooks and technical 



Contact the Curriculum Coordination Center 
in your region for information on obtaining 
materials (e.g., availebility and cost). They 
will respond to your request directly or refer 
you to an instructional materials agency 
closer to you. ^ 
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The National Center 
Mission Statem ent 
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The National Center for Research in 
Vocational Education's mission is to increase 
the ability of diverse agencies, institutions, 
and organizations to solve educational prob* 
lems relating to indivic^ual career planning, 
preparation, and progression* The National 
Center fulfills its mission by: 

' • Generating knowledge through research 

• Developing educational programs and 
products 

• Evaluating individual program needs 
and outcomes 

• Installing educational programs and 
products 

• Operating information systems and 
services 



• Conducting leadership development and 
training programs 

FOR FURTHER INFORMATION ABOUT 

Military Curriculum Materials 
WRITE OR CALL 

Program Informatjon Office 

The National Center for Research in Vocational 

Education 
The Ohio State University 
1960 Kenny Road, Cblumbus, Ohio 43210 
Telephone; 614/486-3655 or Toll Free 800/ 
848-4815 withJn the continental U,S< 
(except Ohio) 
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OVERVIEW 



MODULE ELEVEN 
CAPACITANCE 

In this module you wlJl learn about another circuit quantlty> capacl tance t 
and discover the effects of this component upon circuit current^ >^oItage> 
and power* You wUI iearn about the ci rcufPtopiponent which rrakes use 
of this quantity and how it functions* 

For you to more easily learn the above, this module has been dUvIded 
Into the following seven lessons: 

Lesson I The Capacitor 

Lesson II Theory of Capacitance 

Lesson III Total Capacitance 

Lesson IV RC Time Constant 

Lesson V Capacitrve Reactance ; 

Lesson VI Phase and Power Relationships 

u^^son VII Capacity Design Considerations 

TURN TO THE FOLLOWING PAGE AND BEGIN LESSON I . <. 
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OVERVIEW 
LESSON 1 



The Capacitor 

)n this lesson you will study and learn about the following: 

-electrostatic field 
-what a capacitor 
-what a capacitor does 



BEFORE YOU START JHIS LESSON, PREVIEW THE- LIST OF SYUDY RESOURCES 
ON THE NEXT PAGE. V 
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LIST OF STUDY RESOURCES 
LESSON I 

The Capacitor 

To learn the material In this lesson, you have the option of choosing, 
acco'*'l(ng to your experience and pr^^ferences^ an/ or all of tKe 
fol . 

STUOY BOOKLET: 

Lesson Narrative 
Programmed Instruction 
Lesson Summary 

ENRICHMENT MATERIAL: ^ 

NAVPERS 9jJ^00A-lb "Basic Electricity^ Alternating Current," 
Fut;c'^mentals IBf Electronics ^ Bureau of Naval Personnel- 
Washington, D» C: U»S- Government Printing Office, 1965* 



YOU MAY NOW STUDY ANY OR ALL OF THE RESOURCES LISTED ABOVE. YOU HAY 
TAKE THE PROGRESS CHECK AT ANY TIME. 
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NARRATIVE 
■ LESSON I * ' 

' ^ he Capacl tor 

t. * f 

The Capacitor 

- ' ' * ' ''^ ^ 

'By "low you ate familiar with every component ^ In^ your power supply 
and the, role each plays tn the circuit except for the two capa*^ 
citors* ' r - ■ ' 

, 

An Important concept' fn the understanding of ' capacl tance Is tKe^ 
^ electrostatic ^force'f!*eld ^nd Its representation by electrostatic 
1 Ines of force* > 



The Electrostatic Field * * 

You alreacTy know that bodies having like charges repel each other 
' and that bodies having unlike charges attract each other. - A body » 
thajt Is deficient In electrons Is designated, as' having a positive 
charge^ white a body that has en excess of electrons Is deslgna^ted 
as Graving a negative charge. 

The phenomenon of charge attraction or repuls*Jon leads^ to the 
supposition that each charged body has around" It an electro" 
static field made up of invisible lines of fqrce similar to lines 
of magnetic flux. 

Electrostatic lines of force differ ftm magnetic lines of flux 
In two respects; 

I- Electrostatic lines do not form closed loops (observe the 
Illustration on the next page) » whereas lines of magnetic 
flux do form closed loops. 

2. Eiectrostatic lines are polarized from positive to negative^ 
whereas magnetic flux lines are directed from th(& to the 
S pole outside of the magnet. 
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The closer the charged bodies 
are to each other, the stronger 
is the force between them* The 
farther apart they move, the weaker 
the force becomes. 



This illustration shows two 
charged metal plates, one nega- 
tive, the other positive, end 
the electrostatic field between 
them polarized in the direction 
of the arrows. 



tf a free electron were placed in the center of the electrostatlcN 
field, because like charges repel, It would tend to be repelled by 
the negative plate. On the other hand, because unlike charges attract^ 
It would be attracted to the positive plate; therefore. It would 
move In a direction opposite to the electrostatic field. (The^ 
direction of the fluid was defined more than a century ago when It 
was thought that positive charges were the current carriers.) 

What a CapacI tor Is 

A capacitor consists of two conducting surfaces called plates which 
are separated by a nonconductor called the dielectric . 
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Schematic Symbol 



PLATES 



The dielectric between the two 
plates may be vacuum^ air, 
wexed paper^ ceram^c^ glass or 
any oth*r nonconducting material 
through which electrons will not 
easi 1y pass. 



The schematic symbol for a capacitor represents the leads connected 
to the two plates and separated by space* | j 



What a Capacitor Does 



T T 



A capacitor stores energy between Its plates when the plates are 
charged* To show how this energy Is stored^ let's examine the action 
In thfs circuit: 

. ^ 

1 3* #4 



EA = 10V 



When the switch Is first moved to position 2> the source will move 
electrons around the circuit from the capacitor's lower plate to the 
upper plate* Current cannot flow through ther dielectric so the 
electrons pile up on the top plate and a difference of potential 
builds up between the two plates* This voltage on the capacitor 
will rise to equal the source voltage^ and current flow will then 
stop* An electrostatic (force) ''field Is established between the 
plates by the difference of potential and energy Is stored In this 
field* 

Moving the switch to position 3 after the capacitor is charged will 
cause no change in the circuit conditions for the excess electrons 
on the top plate of the capacitor still have no place they can go* 
The capacitor will still have 10 volts difference of potential 
between its plates* 

if the switch Is noiv. placed In position a path is created for 
the electrons to travel from the top plate to the bottom, and the 
force of attraction and repulsion (electrostatic field) will make 
them move until the force drops to 0*- At this pointy all the 
stored energy has been returned to the circuit* 



/ 
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You saw earlier how a free electron placed In an electrostatic 
field Is attracted to the positively charged plate. Now let^s see 
what happens to the atoms of a dielectric material In a capacitor. 

This Illustration shows one atom of the non-conducting dielectric 
between the plates of an uncharged capacitor. Remember that the 
electrons of an Insulator are not free to leave the atom, they are 
tightly bound electrons. 




i^iV' — illustration shows what happens 

to an atom In the dielectric when the 

T'J f capacitor Is chare because the 
f|H|' — electrons tend to be attracted to the 
Iplj _ positive plate and repelled by the 
\ negative plate, but are not free 
^ to leave the atom, the orbital shells 
are stretched toward the attracting 
plate, thus elongating thetr orbits and dli>tortlng the shape of the 
atom. In this way some dielectric materials increase the capacltor^s 
ability to store a charge. The energy required to distort the electron 
orbits Is transferred from the source to the electrons. Because energy 
can never be created nor destroyed, as long as there Is a charge on the 
plates the electron orbits remain distorted. 

You can think of the displaced electrons as being like a spring 
which Is stretched. As tong as a spring Is held In a state of 
tension. It stores energy. Similarly, when the charges of the 
plates neutralize in the capacitor, the electrors spring back to 
thetr norma) position; the energy which was stored returns to the 
circuit. 

A capacitor, then, is an electrical device consisting of two con* 
ducting plates separated by a nonconducting material; It Is a 
device that stores electrical energy In Its electrostatic field. 

A capacitor's ability to sf^re energy makes It dangerous to the re- 
pairman, for the charge may be retained even after the circuit Is 
de-energized. The only way you can be certain a capacitor does 
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notj have a charge is to discharge it, preferably not through your 
boc^yl Revievj the safety precautions in Module Zero before you put 
yoyr hands Jn any circuit containing capacitors* 

Eljbctrons do not flow through the nonconducting dielectric In a 
capacitor. However, electrons can be forced to move through a non- 
conductor ff enough force Is applied. It Is conceivable, then, that 
\f you apply a great enough voltage^ you can force the bound 
Electrons of the dielectric to break loose and move throu9h a 

capacitor. If the voltage rating of a capacitor is exceeded, it 

destroys the capacitor's ability to store energy, thus destroying 
Its purpose* 



AT THIS POINT, YOU HAY TAKE THE PROGRESS CHECK, OR YOU MAY STUDY ANY 
OF THE OTHER RESOURCES LISTED. IF YOU TAKE THE PROGRESS CHECK AND 
ANSWER ALL OF THE QUESTIONS CORRECTLY^ GO TO THE NEXT LESSON. IF NOT, 
STUDY ANY METHOD OF INSTRUCTION YOU WISH UNTIL YOU CAN ANSWER ALL THE 
QUESTIONS CORRECTLY. 
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PROGRAMHEO INSTRUCTtON 
LESSON E 

The Capacitor 

TEST FRAMES ARE 8 AND 27* AS BEFORE, GO FIRST TO TEST FRAME 8 ANO 
SEE IF YOU CAN ANSWER ALL THE QUESTIONS THERE. FOLLOW THE DIRECTIONS 
GIVEN AFTER THE TEST FRAME. 



K Recall that. like charges and unlike charges 

. repel/attract 

repel/attract 



(repei ; 'attractJ" 



2. This principle is put to use by the components Ir. your power sup*' 
ply called cap'aci tors . These components are cylindrical in shape, 
and larger than the resistors. 

%■ 

The capacitors are located between what terminals In your power 
supply? 

a. Tl - T2 

b. T2 - T7 



c. T2 - T3 
'd. T3 - T7 



(b. T2 - T7l d. T3 - TTT 



3. An electrical charge at rest Is known as static electricity . From 
this you might Infer that a* capacitor works on the principle of: 



a. 'electromagnetic tines of force. 

b, electrostatic tines of force^ 



(b. electrostatic lines of force?" 
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The forces of attraction and repulsion are caused by electro^ 
static lines of force that surround every charged body- 

Which of the following bodies has an electrostatic field? 

_ i. © 

fa. @ 

lb; c) 
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5* For simplicity, and by agreement* the electrostatic field Is 
represented schematically by lines which are said to leave a 
positive charge and enter a negative charge. 




A^^ B* C. 
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6» Electrostatic lines of force diff-^r from magnetic lines of flux 
in that they do not form closed loops. 

Check the correct stat&nent(s) . 

' 3» Electrostatic lines are continuous loops between negative 

and posi ti ve . 

^ b. Electrostatic lines do not leave the negative body and 
enter the positive body* 

c. Electrostatic lines of force travel from negative to 

positive by charged bodies in an Infinite direction. 



(b) Electrostatic lines do not leave the negative body and enter 
the positive body* 



1* Electrof;tatic lines of force are basically different from magnetic 
lines of flux In another respect In that they do not have north 
and south poles. * 

t 

Electrostatic lines of force: 



a. can beconsldered north and south. 

b. leave a north pole and enter a south pole. 

c. leave a south pole and enter a north pole, 
are not considered north and south. 



are not considered north and south. 



8. Electrostatic lines of force: 



a. are invisible. 

b. form closed loops. 

c. are directed from negative to positive. 

d. move: from N to S. 

e. are directed from positive to negative. 



(this is a test frame, compare your answers with the correct 
answers given at the top of the next^page.) 



lERlC 
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Answers - test frame 8 

a. are invisible. 

e. are directed fronj positive to negative- 



IF ALL YOUR ANSWERS MATCH THE CORRECT AHSUERS , YOU GO TO TEST'^ 
FRAME 27. OTHERWISE^ GO BACK TO FRAME 1 AND TAKE THE PROGRAMMED - 
SEQUENCE BEFORE TAKING TEST FRAME 8 AGAIN- 



ST An electrostatic field can be formed between two pieces of con-, 
ducting material separated by a nonconductor- Show with Arrows 
the direction of the electrostatic lines in this sketch- 



+ 
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10. Energy may be stored In an electrostatic field lilce that of 
frame 9> for the excess electrons on the right-hand piece of 
metal (plate) will try to move to the le^t^hand plate because 
of the attraction between positive and negative. a conducting 
path is placed between the plates^ the energy will be returned 
to the circuit. 



AW 












r'i— 







Electrons wi^l move fronj when the switch is 

closed. A to B/B to A 



(B to A) 



11. The ability of this device to store energy may be increased by 
placing a nonconducting sond between the plates In place of 
air or a vacuum. You will see why this Is so in ^ho following 
frames . 

Wtiich of these units will be able to store more energy In the 
electrostatic field? 



a. 



b. 




AIR 



COPPfR' 



^COPPfR^ 
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)2* If an atom of a nonconduct tnn material is placed in the center 
of an electrostatic fSeid^ its electrons will not leave the atom 
as readily as those of an atom of a conducting material; however, 
they wiU be affected by the force of the field* 



'mil 



•I 




1OCAT10N OF A10M 

With the two bodies charged as shown in the preceding Mlustra- 
tlon^ the orbital electrons are: 

a* attracted toward the positive body* 

b* not affected at alK 

c * attracted toward the negative body* 



ta) attracted toward the positive body 



13* When a nonconducting solid Is placed between two bodies with 
opposite charges, the electrostatic field stretches the orbits 
of Its bound electrons, but normally does not dtslodge the 
electrons from their orbits* 

^ Which of the following illustrations shows an atom of a non- 
conducting material between two charged bodies? 
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I^, We can re?9te this concept to the stretching of a spring. As 
long as you exert a force, the spring remains stretched; as soon 
as you' let go, tlie spring snaps backX^ 



If we were to neutralize the charges in the diagram, tne electrons 




dislodge from 
the atom, 
stay where they 
are. 

go back to ci r- 
cular orbits. 



(c) go back to circular orbits 



15* The device used to store energy by virtue of an e!ectrostatic 
field Is /Called a capaci tor . 



A capacitor stores electrical energy in a/an: 

a* magnetic field, 

b, electrostatic field, 

c. static field. 



IKj electrostatic field 



16. A capacitor consists of two conducting surfaces called pi ates 
that have wires connected to them. The plates are separated 
by a nonconductor called the dielectric , 

A capacitor physically consists of; 

a, plates, leads^ conductors. 

b, leads^, plates. Iron, 

c, dielectric, olates, conductors, 
d. conductors^ l^^ads^ dielectric. 



(cj dielectrics plates> conductors. 
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17' The dielectric between the two plates may be vacuum^ air, 

. paper« glass, or any other nonconducting material through which 
electrons do not eastly pass* 

The best dielectric materi^^l is: 

j_ a* fron, 

b- , ceramic* 

c- copper* ' 

d- silver* 



(b) ceramic 



Id. This illustration shows a simple caoacitnr and its schematic symbol 





Label the diagrams below. 
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4V 



SW1 



tf the two plates'of the capacitor have no charge on them and 
5W1 is closed, electrons are: 

a> pulled off Plate A» 
b; pulled off Plate B» 
^ c» forced onto Plate A» 
d» forced onto Plate B» 



(b> puHed off Plate B; c> forced onto Plate aTT 



20/ Plate A now assumes a negative charge and Plate B assumes a 
posttJJ^e charge* * * " 



Check the correct statement(s) * 



a* A difference of potential exists between the two plates* 
b* Electrostatic lines of '-force are directed frcnn Plate A . 
to Plate B* ' 

c» Electrostatic lines of force are directed from Plate B 
tO; Plate A» 




(a* A dlf ferencr^ of potential exists between the two plates; *c* Electro* 
static lines of force are directed from^Plate B to Plate A*j 
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2K JRecall that the dielectric material of a capacitor Is a noncon-* 
ductor* 

Check the correct statement (s) * 

a. There Is normal current flow through a capacitor* 

b> The bound electrons In the dielectric stretch thijir orbits 
like a spring when the capacitor Is charged* 
c» No current Is supposed to flow through a capacitor* 



(b» the buund electrons In the dielectric stretch thelr^orbfts like 
a sprln9 when the capacitor fs charged; c. No current Is supposed 
to flow through a capacitor,) 

22* Because energy canrKit be destroyed^ a capacitor stores the energy 
^ required of the charge In Its electrostatic field* 

As long as there Is a difference In potential between the plates 
of a capacitor^ ft keeps the energy In Its: 

* 

^ a* dielectric, 
^ b» plates* 

c* electrostatic fle'd, 
d* leads* 



tc) electrostatic field 



23* A capacitor Is capable of storing and retaining an electrical 
charg^t because of this It represents' a potential danger even 
after the circifit Is de-energlzed* • \ 

After a capacltlve circuit has been de-energl2ed there may still 

be an excess of electrons on the ^ plate and a deficiency 

of electrons on the pTate of the capacitor* 



^negatIvet positive} 
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24» Before attempting any repairs or measur^ements tn a de-energtzed 
capaclttve circuit all residual charge should be removed from 
the capacitor* To do this a conducting path Is placed across the 
plates of the capacitor allowing movement of electrons between 
the plates and thus neutralizing any remalnjng c^targe* 



tGo to next framefy 



ZS* If the charge across the plates Is allowed to neutral Ize, the 
Energy. which was stored Is released and returned to the circuit* 

If SWI was closed across this charged capacitor: 

I — — I 



^ # >a ' 

a* the excess electrons on Plate A would move to Plate 8 

through the capacitor* 
b* the excess electrons on Plate B would move to Plate A 

through the capacitor* 
c* the excess electrons on Plate A would move to Plate B 

through the external circuit. 
d« the excess electrons on Plate 8 would move to Plate A 

through tht external circuit* 



(c) the excess electrons on Plate A would move to Plate B through the 
external circuit. 



26* tf enough force Is applied to a capacitor, you can force the bound 

electrons of the dielectric to break loose and move through a capacitor 

If too high a voltage 1$ applied to ^ capacitor. It: 
* 

a* allows current flow through It* 

^ b* Is not able to store a charge* 
stores a greater charge* 



(a* allows current flow through It; b* Is not able to store a cha rge) 
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27* Check the stateinent(s) about a charged capacitor that Is (are) 
true* 

a. forces electrons through the dleJectrlc from Its nega- 
tive plate to Its positive f,^ate. 

* 

b- has a difference of potential across its plates. 

c. stores energy on the plates. 

d. stores energy in electrostatic field. 



(THIS IS A TEST FRAME. COMPARE YOUR ANSWERS WITH THE CORRECT 
ANSWERS GIVEN AT THE TOP OF THE NEXT PAGE.) 
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ANSWERS - TEST FRAME 27 

b. Has a difference of potential across Its plates, 

d; Stores energy In electro&tatic field* 



IF ANY OF YOUR ANSWERS IS INCORRECT, GO BACK TO FRAME 9 AND TAKE THE 
PROGHAHMED SEQUENCE. 

IF YOUR ms\)%HS ARE CORRECT, YOU MAY TAKE THE PROGRESS CHECK, OR YOU 
MAY STUDV^AHY of THE OTHER RESOURCES LISTED. IF YOU TAKE THE PROGRESS 
CHECK AND ANSWER AIL THE QUESTIONS CORRECTLY, GO TO THE NEXT LESSON. IF 
NOT, STUDY ANY METHOD OF INSTRUCTION YOU WISH UNTIL YOU CAN ANSWER ALL 
THE QUESTIONS CORRECTLY. 
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SUMMARY 
LESSON t 



The Capacitor 



Baslca11y» capacitors store electrical energy. Imagine that you have 
a body with an excess of positive charges and you gradually move a 
negatively charged body toward It. At some distance separating the 
two bodies* you wilt notice an attractive force between the two un- 
like charges and that this attraction Increases as you bring them 
closer together. On the other hand* If you were to bring a second 
positively charged body near the first positive charge* at some dis^ 
tance separating the two like charges* you would notice a repelling 
force that Increases as the separation decreases. 

An Isolated charged body* such as the fixed positive charge in the 
example* has surrounding It a force field which Interacts with any 
other charge brought within Its field. ' The strength of this force 
afield at any point depends on the magnitude of the body's charge 
and the distance from the body. This field can be represented by 
Invisible lines of force and ts called the electrostatic field of a, 
charged body. By definition* neutral bodies" have no' electrostatic fields. 

The direction of the field* and therefore* the direction* of the lines 
of forc«!* Is defined as leaving a positive charge and entering a nega- 
tive charge as Indicated In the illustration on the next page. The 
direction of the field was defined more than a century ago when It was 
thought that positive charges were the current carriers. Hence a 
positive charge experiences a force In the direction of the lines of 



A free electron placed In the field of a charged body* therefore* 
moVes In a direction against the electrostatic field. When two or 
more charged bodies are placed sufficiently close to one another that 
their electrostatic fields overlap* the direction and magnitude of the 
resulting lines of force are changed. The following examples Illustrate 
like* and unllke^charged spheres and opposIte*charged parallel plates. 



force. 
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An tUustratlve exercise ts to tfnagtne you have a free electron and 
you "drop" it at different locatJoits In each of the three fields 
illustrated. Remembering that electrons move against lines of force, 
find the place that the electron would come to rest. 

A capacitor consists of two conducting plates separated by an insulator 
called the di Uectric . Air Is a common dielectric since dry air Is a 
non-conductor. Mica, ceramic, and glass are other common dielectric 
materials* 

A capacitor stores electrical energy in the electrostatic field re- 
sulting from opposite charges on its plates. A capacitor placed in a 
circuit with a voltage source has charges 'if opposite polarities on 
its two plates as a result of electron flow. .When the magnitude of the 
charge on the capacitor equals the voltage source, current flow ceases* 
The charged capacitor, and resulting electrostatic field, is storiog 
the electrical energy developed by the voltage source. Capacitors In 
a circuit must be treated carefully, for you can never be sure a 
capacitor is nof charged unless you short Its plates together^ 
Review safety precautions in Module Zero before working on any cjrcuit 
containing capacitors. By shorting the capacitor platei with a con- 
ductor, current flows, the plate charge goes to zero, and the 
electrfc field goes to zero. Hence, the stored electrical energy is 
released and returned to the circuit. 
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Since the Insulating dielectric Is matter composed of atoms and mole- 
cules, the tightly-bound charged particles In an atom, namely electrons 
and protons, are displaced from their equilibrium positions. Therefore, 
you have a distortion of the atomic configuration under the Influence 
of the electrostatic force field;- 



In case of material dielectrics, additional energy Is stored by dls- 
torting the atomic orbits from normaK 

The positively charged nucleus Is attracted to the negative plate, 
while the orbital electrons are attracted toward the positive plate. 



AT THIS POINT, YOU HAY TAKE THE LESSON PROGRESS CHECK, OR YOU HAY STUOY 
THE LESSON NARRATIVE OR THE PROGRAMMED INSTRUCTION OR BOTH. , IF YOU TAKE 
THE PROGRESS CHECK ANO ANSWER ALL OF THE QUESTIONS CORRECTLY, GO TO THE 
NEXT LESSON. IF NOT, STUOY ANOTHER MtTHOO OF INSTRUCTION UNTIL YOU CAN 
ANSWER ALL THE QUESTIONS CORRECTLY. 
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rfOrt'f Jttst happen- 

mrmcAUSEDf 
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OVERVIEW 
LESSON 1 1 

Theory of Capacitance 

In this lesson you wti! study and learn about the following: 

-definition of capacitance 
-measuring capacitance 
•charging the capacitor 
-discharging the capacitor 
•factors affecting capacitance 



SEFORE YOU START THIS LESSON, PREVIEW THE LIST OF STUDY RESOURCES 
ON THE NEXT PAGE. 
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LtST OF STUDY RESOURCES 
LESSON (I 

Theory of Capacitance 

To learn the material In this lesson^ you have the option of^ choosing 
according to your experience and preferences, any or all of the 
following; 

STUDY eoOKtET: 

Lesson Narrative 
Progranmed Instruction 
Lesson Suovnary 

ENRtCHKEMT (WTERIAL: 

NAVPERS 93400A-la "Basic Electricity, Direct Current." 

Fundamentals of Electronics ^ Bureau of Naval Personnel* 
Washington^ D»C»; U»S» Government Printing Office^ t965» 
, NAVPERS 93^00A-lb "Basic Electricity, Alternating Current*" 
FundaiDentals of Electronics * Bureau of Naval Personnel* 
Washington, VC*: U.S* Government Printing Office^ 1965* 

AUDIO-VISUAL: 

Stide/Sound Presentatlcm - "Factors Affecting Capacitance." 

YOU MAY NOW STUDY ANY OR ALL OF THE RESOURCES LISTED ABOVE. YOU MAY 
TAKE THE PROGRESS CHECK AT ANY TIME. 
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NARRATIVE 
LESSON II 

Theory of Capacitance 

Definition of Capacitance ^ 

Capacitance Is usually defined as the measure of the ability of 
two conducting surfaces separated by some form of nonconductor 
to store^an electric char^^e* :ls other words» If we measure the 
ability of a capacitor to store electrical energy, we speak of 
the capacitance (C) of the component. 

Heasuring Capacitance * 

Capacitance Is measured In units called farads > named after 
Faraday (of Faraday's Law fame). A farad Is abbreviated as J^. 

Capacitance ,Is equal to 1 farad when a voltage changing at 
the rate of 1 volt per second 'causes a charging current of 
1 aMp to fVow. * 7 

Like resistance and Inductance, capacitance Is a physical property 
and cannot be changed by voltage, current, or frequency. 

The basic definition of the/'farad Is as follows: A capacitor has 
a C2paclta|ice of 1 f. If ItASl;^ores 1 coulomb (^) of charge When 
connected across a potential of I volt, or 




If. we *ncrease th^voltage, what happens to capacitance? 



Nothing] Remember, capacitance Is a physical property and cannot 
be changed by changing voltage. When voltage Is changed, the 
number of electrons (charge or ^ on the plates of a capacitor 
rrust change. 
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: — : ^ 

What Is the £ of a capacitor If .001 CI of charge 
Is stored when a potential of 200 v is applied 

"£? ^ 



r « 0-001 
^ 200^ 

C = 5 vf 

Normally, capacitance yls measured^Irf tnlcrofarads^ (yf) or picofarads 
(pf). Pic o Is equlva^^t to lO' . 

* m : 

If a^capacltor ts rated at 3200'pf^ what Is Its rating ^ ^ 
In mirrofarads? 



3200 pf Is the same as 0.0032vf^ 



Charging the Capacitor 



2> 




UNCHARC^S 




We win agala use an Ideal Ized situation, 
a purely capacltlve circuity to explain 
capacitor action. In this de'cnerglzed 
circuity the plates of the capacitor are 
not charged^ no electrostatic field has 
been created^ and no energy ts stored In 
the capacitor^ 



Now, if we move the switch to position 2, 
there ts a surge of electron flow* This 
causes: 



CHARGING 
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K electrons to pile up on the top Plate* 

2* the top^plate to beconne negatfve* 

3* electrons to be pulled off the bottom plate* 

4* the bottom plate to become positive* 
5* t an electrostatic field between the plates* 

6* a difference of potential to exist. between the plates. 

7* energy to be stored In ^he electrostatic field* 

As soon as the difference of 
potential across the capacItoV 
(E^) Is equal to the appUed 
voltage (lO volts in ^ils purely 
capacttWe circuit)* the two 
voltages In the circuit balance 
and the flow of electrons stops* 
The capacitor is^ now charged. 

Moving the switch to position 3 after the capacitor Is charged 
leaves the electrons on the plates with no path to return to a 
neutral condition* and In theory* the capacitor can hold this 
charge forever* In actuality* a good capacitor can hold a charge 
for weeks at a time, and a capacitor can shock you severely If you 
touch both terminals of a charged one* Again* be sure ta follow 
safety precautions when you work on a circuit containing capacitors* 





Discharginq the Capacitor 

Now* If we move the switch to 
position kj we provide a conducting 
path between the two plates of ine 
capacitor* There Is an excess of 
electrons op the negative plate whtch 
ban now flow to the positive plate 
which lacks electrons* With the 
capacitor acting as the source* cur-- 
rent flows briefly and the capacitor 
releasees Its charge* As the capacitor discharges* it becomes 
neutralized, and the stored energy Is returned to the circuit. 

It Is Important to understand that a capacitor does not consume 
power* The energy that the capacitor draws from the source is 
recovered when the capacitor discharges. 

Remember that at no time does electron current flow through the 
capacitor* The current that appears to flow In a capacttlve 
circuit Is called displacement current * As one electron returns 
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to the positive plate, a dlt^ferent electron leaves the negative 
plate; no electrons actually flow through the dielectric. 



Factors Affecting Capacitance 

Three factors affect capacitance ^ the area of the plate surface, 
the amount of space between plates, and the dielectric constant. 

Plate Area * The greater the surface area of tfie plates, the greater 
the capacitance* ^ 



"=TOv 





I 



Observe the difference In the area 
of the plates In figures A and B» 
Notice also that fewer electrons 
pile up on the plates of the^smaller 
capacitor (A). On the smaller plate, 
electrons are closer together and 
repel ftach other^more. Due to the 
repelling effect, the ' urce can- 
not force as many elect -^s onto 
the smaller plate as on ^ne larger 
one^ Because electrons spread out 
more on a larger plate, the 
repelling effect Is less for a 
Tj'Iven number of electrons* 

Capacitance ts directly proportional to pla^V ' area . There- V. 
fore; If we double the plate ^rea, we double the capacitance* 

Plate Spacing - Capacitance Is also determined by the distance 
between the plates. Notice In the Illustration that the plates 

In figures A and B are Identical 



except for the spacing between 
them^ 



XT' 



By Coulomb's Law we know that the 
closer together the plates are, 
the stronger the electrostatic 
field and a stronger field means 
a greater capacitance. 



Therefore*^ we can say that capacitance Is Inversely proportional 
to plate spacing * The greater the distance between the plates, 
the smal ler the capacitance. 
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Dtelectric Constant " The amount of capacitance of a pair of 
, plates ts affected to a great degree by the type of dielectric 
material used between the plates^ 

Experimentation has proved that, when the area between the 
plates Is a vacuum, the capacitor has a mtnlmum capacitance. 
To compare the ability of dielectric materials to increase - 
capacitance, numbers designated as dielectric constants have 
been assigned to each dielectric materlaK 

The dielectric constant for vacuum Is ^ and air ts very nearly 
the^ame, so It Is usually considered to be K Some^other common 
dielectric constants are: 

Waxed pap^r 
Glass 
Wood 

^ Pure Water 

The dielectric constant tells how rfkany times the '^terlal Increases 
the capacitance when used Instead of a vacuum for the dielectric. 
If the vacuum dielectric of a capacitor Is replaced with pure water* 
the capacitance will be 81 times greater. 

We can say that capacitance Is directly proportional to the 
dielectric constant and the plate area , c nd Inversely pro*; 
Portloaal to the distan ce between the plates . 



3.5 
5-10 
2.5-8 
81 



AT THIS POINT, YOU MAY TAKE THE PROGRESS CHECK, OR YOU MAY STUDY ANY 
OF THE OTHER RESOURCES LISTED. IF YOU TAKE THE PROGRESS CHECK AND 
ANSWER ALL OF THE (iUEST»ONS CORRECTLY, GO TO THE NEXT LESSON. IF 
NOT, STUDY ANY METHOD OF INSTRUCTION YOU WIJH UNTIt'YOU CAN ANSWER 
ALL THE QUESTIONS CORRECTLY. 
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PROGRAMMED INSTRUCTION 
LESSON II 

Theory of Capacitance 

TEST FRAMES ARE 10, 18, AND 27. .-AS BEFORE, FIRST GO TO TEST FRAME JO*" 
AND SEE ?F vol) CAN ANSWER ALL TH^ QUESTIONS THERE. FOLLOW THE DIRECTIONS 
GIVEN AFTER THE TE ST FRAME. 

' 7^~~- 

K Recall that Inductance Is associated with the ability of an In- 
ductor or circuit to oppose a change In: 

a» Inductive reactance. 

b» henrys* 

c» current* 

^ d* CEMF. 



tc) current 

2* In contrast, capacitance is associated with the ability of a 
capacitor ot circuit to oppose a change in voltage* 

Two plates separated by a dielectric and connected In a circuit: 

a* have inductive reactance. 

b. oppose any variation of the circuit potential difference. 

. c. have the ability to pass a current. 



(b) oppose any variation of th'j circuit potential difference 



3. Capacitance may be defln3d as the ability of two conducting 
surfaces separated by a nonconductor to. store electrical 
energy. 

A capacitor ts a con^onent which may: 

a. store electrical energy. 

b. oppose a change In voltage. 

c. normally pass current. 

ct. store current via Its associated magnetic field. 



ta. store electrical energy; b. oppose a chan^ In voltage) 
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k, Tbe-synAol used to designate a capacitor Is £. 



Eleven-! I 



The letter that ts used to Indicate a device that stores electrical 
energy and opposes a change 1n voltage Is: 



a. R. 

b. L. 

c. C. 
d-. V. 



MX 



5. Capacitance Is. measured In units called farads , abbreviated _f^. 
The capacitor shown has a capacitance of . 



.04f 



W^OOO-Mfdr 



6. Capacitors with capacitance values In the farad range nay be 
as large as the building you are Itig More practical units of 
measurement are the mtccofarad (10* farad) abbreviated uf^ 
and the picofarad (lo" fdrad) abbreviated £f^. 



Which value of ^capacitance Is the greatest? 

, b. 5 Mf 

c. 15 pf 



(a) 10 Mf 



ERIC-; 
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1* Sometimes It will be necessary for you to convert from pf to pf 
and vice versa* 

Example: 3200 pf is the same as 0.0032 pf. 

We can arrive at the equivalent for the prefix by^first sub- 
stituting the power of ten; 3200 = 3200 x 10^ f . Then all 
we have to do is move our decima|xpoint six places to the 
left to change to microfarad (lo" f ) . So we can say that 
0.0C32 yf is equal to 3200 pf. 

Kow let*5 work ^ few problems. 

a. 5 ;if equals pf 

b. 0.025 yf equals pf 

c. 500 pf equals ^ yf 

d. ' 0.0085 f equals yf 



(a. 5.000.000; b. 25>000; c. 0.0005? d. 8500) ^ 

8. Like resistance and inductance, capacitance is determined by the 
component design and does not vary with chnnges in voltage, current, 
or frequency. 

The of a capacitor: 

a. goes up when J^, £, or frequency ts increased. 

b. goes down when E^, or frequency Is decreased. 

c. is strictly a physical property. 

d. "does not increase or decrease with changes In J^, JE, or 

frequency. 



(c. Is strictly a* physical property; d. does 'not Increase or decrease 
with changes In U E> Or frequettcy) 
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9* A capacitor Is said to have a capacitance of ] farad if it stores 
1 coulomb (Q) of charge when connected across a potential of I 
volt. Stated as an equation, C « 

Example: What is the of a capacitor if O.OOl Q of charge is 

stored when a potential of 200 v is applied across it? 

c =^ 
^ E 

0.001 g ^- 

^ 200V 
C » 5 yf ' 

What Is the value of a capacitor that stores 0.015 coulombs 

of charge when a potential difference of 300 volts ts connected 

across its plates? 

a . 5 Mf 

b. 50 '^f 

c. 0.5 pf 

d. 5 pf 



Cb) 50 yf 



10. Match the correct term to each description. 

I. ability of a circuit to oppose a. inductance 

a change In vol tage. . 
2. ability of a circuit to oppose 

a change in current, b. capacitance 
3. ability of two conducting surfaces 

separated by a nonconductor to 

store an electric charge. 



(THIS IS A TEST FRAME. COMPARE YOUR ANSWERS WITH THE CORRECT 
ANSWERS GIVEN AT THE TOP OF THE NEXT PAGE.) 
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ANSWERS - TEST FRAME 10 

1 - b 

2 - a 

3 * b 



IF ALL YOUR ANSWERS "HATCH THE CORRECT ANSWERS^ YOU HAY GO TO TEST 
FRAhiE 18. OTHERWISE^ GO BACK TO FRAME I AND TAKE THE PROGRAHMED , 
SEClUEIiCE BEFORE TAKING TEST FRAME 10 AGAIN. 



IK We wi 1 1^ now analyze a purely c^apacl tl ve ci rcul t and see what 
happens when we^charge the capacitor. 




In the circuit shown: 



a. an electrostatic field exists between the copaCltorls 
plates. 

b. no potential difference exists across the capacitor/ 

c. current flow Is inaxlmum* 

d. energy is being stored In the capacitor's electrostatic 
• field. 



(b) no potential difference exists across the capacitor 



|er|c 
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12. \i ^ now move the switch to posttton 2» electrons move In the 
dlrectton {ndfcated t>y the arrow. 




In the circuit above: 

' a. plate A ts becoming negative. 

b. electrons are movlug through every part of the circuit. 
c. plate B Is becoming positive. 

d. a capacitor voltage ts developing. 

"e. the plates are storing energy via Inductance. 
f* an electrostatic field Is developing. 



(a. plate A is becoming negative; c. plate B Is becoming posit We; 
d. a capacitor voltage Is developing; f« an electrostatic field 
Is developing) ^ 

13. As the capacitor ts being charged* electrons are flowing through 
every part of the circuit except the dielectric of the capacitor. 

The current that seems to flow In a capaclttve circuit ts a re- 
sult of the displacement of electrons; It can be called: 

a. circuit current. 

b. capacitor current. 

e-.-^ dfspJacement current * 



ic) displacement current 
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When you close the switch tii this circuit, displacement current 
appears to flow through the capacitor. ' 

• * 

Whtic the capacitor is charging* the lamp llgbt* 

' win/wfti not 



(wm) 



15. After a brief period of tfme^ the capacitor is charged and the 
capacitor voltage (E^) equals the source voltage and opposes 
more current flrw In the circuit. 

Labdl the polarity of the capacitor voltage and write Its v^iltie. 
(Capacttor has charged fully.} 
9*1 



I 
t 



=- 10V 



3», 



r 



•=r K>v 



2*1 



1'^ 



p.t. 
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When the cdpacttor voltage equals the source voltage you reaUy 
have two sources connected together that oppose one another. 

After the capacitor Is fully charged* the displacement current 

stop and the lamp _ Tight, 

wlll/wtn not wlU/will r,Qt 



iwiW; win not) 



17* If the switch Is moved to position there Is a current path 
between the two plates of the capacitor and the charge can 
neutral ize. 

As the capacttor discharges: ^ 

a. Increases. 

b. decreases. 

c. displacement current 

flows. 

d. stored energy Is returned 
to the circuit. 
e. electron current flows through the capacitor. 




(b. decreases; c. displacement current flows; d. stored 
enejjy Is returned to the circuit) 



18. Match the correct term to each description. 



t. extsts onty when capacitor 
charges and discharges. 
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2. polarity opposes E ^ 

a 

3. developed as capacitor charges. 

4. decreases as capacitor charges. 



a. d! spl acement 
current 



b. capacitor 
vol tage 



(THIS IS A TEST FRAMf. COMPARE YOUR ANSWERS WITH THE CORRECT 
ANSWERS GIVEN AT THE TOP OF THE NEXT PAGE.) 
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AMSWERS - TEST FRAME 18 

1-3 

1 - b 

3 - b 
*( - a 



IF ALL YOUR ANSWERS MATCH THE CORRECT ANSWERS, YOU MAY GO TO TEST 
FRAME 27. OTHERWI.se, GO BACK TO FRAME 11 AHO TAKE THE PROGRAMMED 
SEQUENCE BEFORE TAKING TEST FRAME 18 AGAIN. 



19. Fitow we learn about the factors which affect the capacitance 
of a capacitor. First Is the plate area. Capacitance Is 
dl'^ectly proportional to the plate area. 

To ^decrease the capacttance of a capacitor You can 

Jntreasc plate area* 

b» Increase applied voltage* 

c» decrease the plate area. 



U) decrease the plate area 
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20 » A capacitor with targe plates can store more charge with the 
same amount of voltage applied than one with smaller plates.-* 



The capacitor storing the most charge is capacitor 

^ A B 




2K Capacitance varies Inversely with the distance between the plates* 

Capacitance Increases If you: 

a» move the plates closer together, 

b» move the plates farther apart* 

c. Increase plate area* 

d. decrease plate area- 

- - ^ ^ "^tv - - -- -- -- -- -- - 



(a* move the places closer together;' c* Increase plate area) 
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71. The electrostatic field Intensity also varies Inversely with the 
distance between the plates. 




fC 
10V 



The capacitor In circtilt has the strongest electrostatic 

field. . (A) (B) 



23. As the strength of the electrostatic field Increases* a greater 
charge Is stored. 

As the electrostatic field gets stronger: 
electrons leave the dielectric. 



b. more energy Is stored In- the electrostatic fteld< 

c. more electrons are stored In the dielectric^ 



(b) iTKire energy Is stored In the electrostatic field 
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2k, The dielectric constant Is a number that compares the capacitance 
of a capacitor with this dielectric material to the same capacitor 
with a vacuum dielectric^ A vacuum ts given the dielectric constant 
of one ( 1 ) * 

Here are some examples of dielectric constants: 

Material Oieiectric Constant 

waxed paper 3.5 

glass 5-10 

wood 2.5-8 

pure water 81 

Pure water will . capacitance 81 times coir^iared to a 

vacuum. raise/lower 



TraTseF 



The capacitance can be raised if a better nonconducting material 
Is used between the plates. 

Of the materials listed, the capacitance of 0 capacitor Is greatest 
if we use a ^ dielectric. 

a. si Iver 

b. copper 

c. mica 

d. gold 



Ic) mi 



ca 
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.26. Expertmentatlon h^s proved that when the dtetectrtc between the 
plates ts vacuum or atr the' capacitor's abtltty to store ^ 
charge ts at a mlntmum. < 

Assume the plate spactng and plate area are the same tn each of 
the capacitors illustrated* Capacitor has the greatest 

capact tance* lA) (8) 



AJR DIELECTRIC 




PAPER, HICA OR 
CERAMIC DIELECTRIC 




27* Check the Items that increase capacitance. 



a. increasing frequency. 

b. increasing voltage. 

c. larger plates. 

d. uGing mtca as a dielectric Instead of air. 

e. ^stng vacuum as dielectric instead of wa,^d paper. 

f. (novtng plates closer together. 

g. Increasing current. 



(this IS A TEST FKAHE. COMPARE YOUR ANSWERS WITH THE CORRECT 
ANSWERS GIVEN AT THE TOP OF THE NEXT PAGE.) ^ 
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, ANSWERS - TEST FRAME 27 

c. larger plates. 

d. using mtca as a dielectric Instead of air. 
f. moving plates closer together. 



IF ANY OF YOUR ANSWERS IS I NCORRECT , GO BACK TO FRAME 19 AND TAKE 
THE PROGRAMMED SEQUENCE. 

tF YOUR ANSWERS ARE CORRECT, YOU MAY TAKE THE PROGRESS CHECK, OR 
YOU MAY STUDY ANY OF THE O'lHER RESOURCES LISTED. IF YOU TAKE THE 
PROGRESS CHECK AND ANSWER ALL "^HE ftUESTIONS CORRECTLY, GO TO THE 
NEXT LESSON. IF NOT, STUDY ANY M^ETHOD OF INSTRUCTION YOU WISH 
UNTIL YOU CAN ANSWER ALL THE ftUESTIONS CORRECTLY. 



n ^8 



Suimtary 



Eleven**! t 



SUMMARY 
LESSON (1 

Theory of Capacitance 

Definition of Capacitance 

Capacitance ts usually defined as the ability pf a circuit to store 
electrical energy. Therefore, the capacitance (c) of a^capacltor 
tn an electrical circuit Is a measure of this ability to store 
electr'lcal energy. 

Capacitance )s measured In units calTed farads * A t-farad capacitor 
will store t coulomb of charge when a potential of t volt Is applied ^ 
across the U<trmlna1s. 

r /fararfc^ - Q (coulombs) 

Normally capacitance Is measured In microfarads (pf) or picofarads (pf) 
One farad Is equal to; 

10^ uf - lo'^ pf . 

Capacitance ts J physical property of the component and does not 
depend on the circuit parameter^ of vottaget currentt and resistance. 
A capacitor will have the same value of capacitance (farads) In one 
circuit as In any other circuit In which It Is placed. 

Factors Affecting Capacitance 

The pVslca! properties of a capacitor that affect Its value of capa- 
citance Include: (l) area of the plate surfaces; (2) spacing between 
the plates; (3) dielectric constant of the Insulator. 

* Plate Area - The greater the surface area of the platest the greater 
the capacitance. Remember capacitance ts the ability to store charge; 
so a greater plate area means more storage area for charges. Capaci- 
tance Is directly proportional to plate area. Therefore, If we double 
the folate arei-, we double the capacitance. 

Plate Separation * The capacitance Is Inversely proportional to 
the separation between the plates . That Is, If we double the 
separation bet^en two plates, keeping all other factors the same, 
the capacltan^ ts one^half Its original value. Since capacitance 
Is the ability to store energy In the. electrostatic field. Increasing 
the separation between plates decreases the field strength, thus de- 
creasing the capacitance. 
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Dl6lectr?c>tonsUnt * The dielectric constant ts a measure of the ability 
of a nono&nductor to store Blectrlcal energy tn the distortion of Its 
atomlc/conf Iguratton. Hence, a materU] with a large dielectric con* 
— ^''can store more energy In the distortion of Its atomic orbits 



stem 

than material with a low constant, 
numbers based on KO for a vacuum. 
/Common materials are: 



'Dielectric constants are relative 
Dielectric constants for other 



Vacuum 
Waxed Paper 
Glass 

Pure Water 



1*0 
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Displacement Current - Remember that at no time does current flow 
thrugh the capacitor. The current that appears to flow tn a 
capacttlve circuit ts a displacement current . When one electron 
arrives at the positive plate of the voltage source, another electron 
leaves the negative platv't, giving the appearance of a continuous 
current . > 



AT THIS POINT, YOU HAY TAKE THE LESSON PROGRESS CHECK, OR YOU MAY 
STUDY THE LESSON NARRATIVE OR THE PROGRAMMED INSTRUCTION OR BOTH. 
IF YOU TAKE THE PROGRESS CHECK AND ANSWER ALL OF THE QUESTIONS COR- 
RECTLY, GO TO THE N£XT LESSON. IF NOT, STUDY ANOTHER METHOD OF 
INSTRUCTION UNTIL YOU CAN ANSWER.ALL THE QUESTIONS CORRECTLY. 
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If you don't know whit it doe* don't footwt^ % 
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OVERVIEW 
LESSON 111 

Total Capacitance 

In this lesson you will study and learn about the following: 

^series capacitors, 
'parallel capacitors 
-serles^paral tel capacitors 



6EP0RE YOU Sffda THIS LESSON^ PREVIEW THE LIST OP STUOY RESOURCES 
ON THE NEXT PAGE. 
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LIST OF STUDY RESOURCES 

LESSON in 

Total Capacitance ^ 

To learn the material In this lessor, you have the option of choosing^ 
according to your experience and preferences^ any orsall of the 
following: 

STUDY. BOOKLET: 

Lesson Narrative 
Programmed Instruction 
Lesson Summary 

ENRICHMENT MATERIAL: 

NAVPERS 93i»00A-lb **Baslc Electricity^ Alternating Currents* 
Fundamentals of Electronics ^ Bureau of Navil Personnel* 
Washington^ O.C.i U»S» Government Printing Office^ 1965» 



YOU MAY NOW STUDY ANY OR ALL OF THE RESOURCES LISTED ABOVE. YOU HAY 
TAKE THE PROGRESS CHECK AT ANY TIME. 
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NARRATIVE 
LESSON Hi - 

ft 

Total Capacitance 

Capacitors can be placed In cfrcutts either tn series or parallel, 
Just as Inductors and other components can. Then, to determine 
the total capacitance In a circuit, we must be familiar with. the 
rules for calculating capacitance in the various cpnf Igura^tions 
of circuits. 



Series 



tf we wire two capacitors In series as shown, In effect, we 

Increase t^e distance between 
two plates, A and 0, You 
know that Increasing the 
space between plates decreases 
capacitance. Therefore, when 
capacitors are wired In series, 
total capacitance decreases. 
Total capacitance (C^) then 
Is Ic^s than the amount of 
the smallest capacitor. 



'H 



C2 



Recall that Inductance and resistance In series are additive; 
capacitance Is not. To find Cj in series we apply the rules 
for determining resistances In parallel. For example, we can 
find total capacitance by using the sum of the reciprocals 
method, 

Cj » — j 1 j-, for series confib I nations, 

, Cf*" C2 * cT 

or the product over the sum method I-f only two capacitors are 
In series, 

r e CI X C2 , 
Cl + C2 



Observe that these are methods for solving for total resistance 
In parallel, but now we have substituted C_ for to solve for 
Cj in series. 




Narrative 



El even- 1 1 1 



r\nd Cy \n both circuits. 



(1) 



(2) 



Hi 




— ©■ 

HHh 



^3- 

.OO^uf 10.00!)pf .002>jf 



Total capacitance In problem (\) Is 5 uf» and In probt^ (2) 
Is 903pf or» rounded off. 910pf. Problem (1) could have been 
solved Simply by dividing the equal value of the two capacitors 
(lOyf) by the number of capacitors, 10 r 2 = 5yf. Problem (2) 
C3n be solved by the sum of tne reciprocals method. 



Paral let 



When capacitors are wired In parallel as shown» you can assume 

that, In effect, the cross- 
sectional area of the plates 
has been Increased. As the 
plate area Increases, capacl^ 
tance Increases; therefore, 
In parallel connections, the 
can be added to determine total 



values of Individual capacitors 
capacitance. 



C- = CI + C2 + C3 + 



+ Cn 



lERlC 



$9 
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C«pacttanc« In parallel Is figured tn the san« way that reststanu 
ts computed tn series. - 



Find 



5Quf' 



J 



C-p tn thts parallel ctrcutt ts 60 vf. 



Sertes'-Paral lei 

How' that you know the rules for finding total capacitance In 
both sertes and paral tet cfrcutts* you can conibtna these rules 
to solve for Cj In sertes-paraUel circuits* 

Recall that when solving resistive circuits the first step 
was to determine the equivalent resistance of the parallel net** 
work* 

See tf you can find C- In thts ctrcutt; remember that the rules 
are exactly opposite to those you used for Kj* 




JOpt 



T 



3- 



"1C4. 



By parallel rules* _C3..and-j4 In the parallel network can be 
added for a total ofHTo vf* Then» In effects we*have a ctrcutt 
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with three lOyf cipacltors in series. If we divide lOyf by 3, 
we arrive at a figure of 3.3nf which Is In this series-parallel 
ci rcul t. . - 



AT THIS POINT, YOU MAY TAKE THE PROGRESS CHECK, OR YOU MAY STUDY ANY 
OF THE OTHER RESOURCES LISTED. IF YOU TAKE THE PROGRESS CHECK AND 
ANSWER ALL OF THE ftUESTIDNS CORRECTLY, GO TD THE NEXT LESSON. IF NDT, 
STUDY ANY METHOD OF INSTRUCtlDN YOU WISH UNTIL YOU CAN ANSWER ALL THE 
QUESTIONS CORRECTLY. 



PROGRAHHED INSTRUCTION 
LESSON III 

Total Canacltance ' 

TEST FRAMES ARE ^t, 8 AND 13. Ai BEFORE FIRST GO TO TEST FRAME k AND 
SEE IF YOU CAN ANSWER ALL THE QUESTIONS THERE. FOLLOW THE DIRECTIONS 
GIVEN AFTER THE TEST FRAME, 

i 



r-H h- Y 





Nottce that when we connect capacUors In series we have 
In effect increased the distance between the plates* 

From this we can conclude that when capacitors are wired In 
series, total capacitance (C^)* 

a> Increases* 
^ b» decreases* 
' c» stays the same. 



(b) decreases (SefK^ Capacitance Is Inversely proportional to 
_^Jg Jt:ancfc between the plates*) 
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2, To find total capacitance (C^) when capacitors are connectej 
in series, use the same formuls You would use to find total 
resistance or total Inductance when they are connected In 
parallel. 

Which ronnula(s) can be used to determine of series con- 
nected capacitors? 



b. C 
Cs C 



,w + Cn 
} 



Cl C2 C3 
CI X C2 
T CI + C2 



(b.) - -j j p ; (cj 



Cl C2 C3 



1 /_ \ - CI X C2 

"•T " Cl + C2 
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P.l . Eleven- 
s' Example: Tind the total capacitance of this circuit. 




Solution: 



- CI X C2 



CT C2 



iOgf X lOuf 
''T " lOyf + lOnf 



1 



T 1 1 



100 X 10 



■12 



20 X 10""^ 



1 

'T " X 
lOjif 



In this psrilcutof circuit.- what other method might have been 
used? 



(equal value method; C- » ^) 

T n 



7/ 
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k. Find the total capacitance of t-hese circuits (state all answers 
In pf)* 



a. 



b. 



c. 



C] Cj C3 



30JJf- 



30pf 30;]f 



I 



Ci ' * Cj C3 

HI [I — Ih 

I Ajjf ibpf .ooo06f 



I fOOjjf 2Jpf 2O,O0a0O0pf 



(this is a test frame, compare your answers with tk- correct 
answers given at the top op the next page.) 



6^2 



p J* 
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ANSWERS - TEST FRAME k 



(F ALL YOUR ANSWERS HATCH TJJE CORRECT ANSWERS ^ GO TO TEST FRAME 8. 
OTHERWISE, GO BACK TO FRAME I AND TAKE THE PROGRAMMED SEI^UENCE BEFORE 
TAKING TEST FRAME k AGAIN. 



5. 




C3 



Notice that when we connect capacitors In parallel, we effectively 
Inci'ease the plate area* 

From this we can conclude that when capacitors are connected !n 
parallel C^: 

a. Increases. 

b» decreases. 

c» stays the same. 



rncr eases 
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6. To find Cj when capacitors are connected in para) lei » use the same 
formula you would use to find total resistance or total induct^jnce 
in series* 



Which formula can be used to determine of parallal connected 
capacj tors? 

Cl X C2 
CI + C2 



a* 
















c* 









C! + C2 + C3 + 
I 



+ Cn 



CI C2 C3 Cn 



(b. C^ = CI + C2 + C3 + ... + Cn) 



7. Find C^ of this circ uit. 



.C2 
'iCtuf 



_C3 



(C^ B CI + C2 + 03 
C^ - 50pf + lOpf + 20pf 
Ct = 80pf) 
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8. Find the total capacitance of these circuits* 



a. 




"^Cl <JjC2 3j03 





•.003tuf 



.C2 

-laooopf 



(THIS is A TEST FRAME. COMPARE YOUR ANSWERS WITH THE CORRECT 
ANSWERS GIVEN AT THE TOP OF THE NEXT PAGE.) 
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ANSWERS- TEST FRAME 8 
- a, I7.5uf 

b. I5,000pf or 0,0?5uf 

c, 88pfd 



IF ALL YOUR ANSWERS MATCH THE CORRECT ANSWERS, GO TO TEST FRAME 13* 
OTHERWISE, GO BACK TO FRAME 5 AND TAKE THE PROGRAMMED SEQUENCE BEFORE 
TAKING TEST FRAME 8 AGAIN, ^ 



9^ Capdcltance in series Is computed the same way as resistance 

in , Capacitance In parallel is computed 

Isertes/paral lei) 

the same way ds resistance in * 

(series/parallel) 



(parallel ; series! 
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10. 



if 




To find the C. for the serles^paral lei network sUown, we 
can: 



a» add C]^, C2^, and directly^ 

use the reciprocal method to find C of and CJ^ 

and adi this sum directly to CU 
c. add and C3^dfrectly and use the reciprocal method 

to find the equivalent capacitance of this sum and CK 



{c) add C2 and Cr"d1rect1y and use the reciprocal method to find 
the equivalent capacitance of this sum and G1 >) 



11* To solve the below series-parallel capacltlve circuit for C, 

the first step Is to determine the equivalent capacitance 
(C^^) of the parallel network* 

Find the equivalent capacitance of the parallel network* 



,ct 





a. 5pf 

b. 20lif 

c. lOjif 



(b) 20tif 
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equivalent cApacltance 



Our next step is to combine the equivalent capacitance (C ) 
wtth Ci^, - ' 

Cy for this circuit Is: 

a. 20yf 

b. 25yf 

c. lOyf 



(c) IQpf 



^8 



Eleven- m 




(THIS IS A TEST FRAME. COMPARE YOUR ANSWERS WITH THE CORRECT 
ANSWERS GIVEN AT THE TOP OF THE NEXT PAGE.) 
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ANSWERS - TEST FRAME 13 

a, tOwf 

b, 35yf 

c, 3,75yf 



IF ANY OF YOUR ANSWERS IS INCORRECT , GO BACK TO FRAME 9 AKO TAKE 
THE PROGRAMMED SEQUENCE. - 



IF VOUR ANSWERS ARE CORRECT, YOU MAY TAKE THE PROtiRESS CHECK, OR YOU MAY 
STUi)Y ANY OF THE OTHER RESOURCES LISTED, IF YOU TAKE THE PROGRESS CHECK 
AND ANSWER ALL THE QUESTIONS CORRECTLY, GO TO THE NEXT LESSON, IF NOT, 
STUDY ANY METHOD OF INSTRUCTION YOU WISH UNTIL YOU CAN ANSWER ALL THE 
QUESTIONS CORRECTLY. 
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SUMMARY 
LESSON 1 ) I 

Total Capacttance 

In many complex ';trcuft5» capacitors occur in several configurations 
of series^ parallel^ and s'^rles-paral lei connections^ To determine 
the total capacttance of a circuits we must be familiar with the 
rules for calculating capacitance for the t,#rec common circuit 
Configurations. 

r 

Series 



for two or more capacitors wired in series as shown» the total capacV 
tance Is smaller^han any of the Individual capacitances. The total 
capacl^nce of the circuit below can be thought of as one capacitor 
with an Increased ptate separation equivalent to the plate separa- 
tions of each Individual capacitor. 

— ^ I — 

CI C2 C3 

The total capacitance can be calculated witii the formula for series 
conf Igu rations^ 

1 



CI 



C2 C3 



Parallel 

For capacitor^ wired In paraUeU total capacitance for the circuit 
below Increases since the effective cross-sectlonal area of the 
plates has been Increased^ ^ 



The total capacitance for the parallel configuration can be calcu- 
lated wfth the formula* 

= CI + C2 + C3 
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Scrics-ParaUc' 



In i;o(np1ex circuits^ total capacitance can be calculated by reducing 
the series-parallel network to a simple series or parallel circuit 
and ^hen solving the resulting equivalent circuit. This is the same 
procedure that was used In solving con^lex resistive circuits. 



AT THIS POINT^ YOU HAY TAKE THE LESSON PROGRESS CHECK, OR YOU HAY STUDY 
THE LESSON NARRATIVE OR THE PROGRAMMED INSTRUCTION OR BOTH. IF YOU 
TAKE THE PROGRESS CHECK AND ANSWER ALL OF THE QUESTIONS CORRECTLY^ GO 
TO THE NEXT LESSON. IF NOT^ STUDY A.MOTHER METhOD OF INSTRUCTIOH UHTtL 
YOU CAN ANSWER ALL THE QUESTIONS CORRECTLY. 



Perform the following exercise by solving the circuit 
for total capacitance. 



3Qu( 6nt 




mm- 
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BAStC ELECTRICITY AND ELECTRONICS - 
INDIVIDUALIZED LEARNING SYSTEM 




HODULE ELEVEN 
LESSON IV 
RC 7tme Constant 

Study Booklet 



OvervlM 
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OVERIVEU 
LESSON IV 

RC Time Constant 
In this lesson you wfM study and learn about ^the following: 

-^analyzing an RC circuit cn .charge 

-'analyzing an RC circuit on discharge 
^computing RC time constants 

-Universal Time Constant Chart 

-effect of variation of time constant 



BEFORE you START THIS LESSON, PREVIEW THE LIST OF STUDY RESOURCES 
ON THE NEXT PAGE. 
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study Resources Eleven-IV 

LIST OF STUDY RESOURCES 
LESSON IV 

RC Time Constant 

To learn the material In this lesson, you have the option of 
choosing, according to your experience and preferences, any or 
all of .the following: 

STUDY BOOKLET: 

Lesson Karratlve 

Programmed Instruction 

Experiment 
Lesson Summary 

EKRICHMEKT MATERIAL: 

KAVPERS 93i*OOA-lb "Basic Electricity, Alternating Current." 

FundaP)entals of Electronics ^ Bureau of Naval Personnel. 
Washington, D.C. : U.S. Government Printing Office, I96S. 

AUDIO-VtSUAL; 

Sound/Sltde Presentation - ''Capacitance: Time constants," 

tt 

YOU HAY NOW STUDY ANY OR ALL OF THE RESOURCES LISTED ABO^IF., YOU 
MAY TAKE THE PROGRESS CHECK AT ANY TIME, 
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NARRATIVE 
LESSON IV 

RC Time Constant 

You know thatr theorettca11y» tn a purely capacittve ctrcuti 
the capacitor charges Instantly when the circuit Is energized, 
as there Is nothing In the circuit to limit current flow to the 
capacitor* 

You know that there cannot be a practical > purely capacltlve 
circuit because every circuit contains conductor resistance and 
Internal re:Istance In the source* There Is always some resistance 
In a circuit; therefore* It }s necessary to analyze what happens 
In a reslstlve^capaclttve circuit (RC circuit) as the capacitor 
charges. 



Analyzing an RC CtrcuK'^ on Charge 




In the circuit I Iltstrated, the 20- 
ohm resistor represents aU circuit 
resistance lufnped Into one value* 

Before SWt was closed to position 1» 
the cIrcuTt was open, and there was 
no current flow, no voltage drop 
across RI^. nor any capacitor voltage* 



The Instant SW1 Is closed to position 
I» current flow Is maximum In the 
E Is loo volts and R^ Is 20 ohms, 
fherefore, at the Instant the circuit 



circuit* By Ohm^s Law, If 
maximum current Is 5 amps* 
Is energized, there Is 5 amps of current In the circuit* 



Recall that In an LR ctrcutt, at the instant the circuit Is 
energized current Is minimum* Again, In comparing, we see that 
Inductance and capacitance act In opposite manners* 

Now at time zero when the circuit Is energized, current Is maximum, 
and the voltage drop across the resistance Is maximum at 100 volts. 
Volf>age across the capacitor (E^) i$ zero* 
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Narrative 



El even- IV' 



As the capacitor charges, it starts 
to build up a difference of potential 

which is In direct opposition 
to the applied voltage* Therefore, 
currei^t decreases, the voltage drop 
across the resistor decreases* and 
EC Increases. 



I i 



This trend continues until current is ze/o* £^ Is zero, ^nd 

is FnaxlFnuFn at ]00 volts. Kotlr^ that the sum of the voltage 
drops across the resistor and the c«tpacItor equals the applied 
voltage. 




Notice also that the presence, of resistance In the circuit llniits 
the charg^ing current, and the capacitor always takes some period 
of time to reach Its fully charged state. Then the circuit 



becomes tatic (! 
done to ^;hange It. 



0; Ejj » 0; E. « max.) until something Is 



Discharge 



Now, If SW1 Is moved to position 2, 
we provide a pcth for the piled up 
electrons at the negative plate 
to flow to the positive p1at3. E 
of 100 volts becomes a source. Tne 
energy stored by the capacitor Is 
discharged. 



Therefore, upon beginning discharge, 
current Is again maxImuFii at 5 amps. 
The capacitor voltage has become the source voltage, and 
therefore, the voltage drop across the resistance equals the 
capacitor voltage. When E* is 100 volts, then Ej, Is 100 volts. 
As the capacitor voltage begins to decrease, E^ aGcreaser» pro* 




portlonately. 

When E^ Is /O volts, E^ Is 70 volts 
^nt decreases 



currer 
fully discharged. 



... ,w rw.u^. As voltage decreases, 
This trend continues until the capacitor ts 



Then: 



IS zero 
is zerc* 
is zero 
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Computing RC Time Constants 

The length of time that a capacitor take$* to reach 63^2% of its 
maximum voltage or to decrease to 36^8% of Its maximum voltage 
Is called one TC . It takes five time constants to fully charge 
the capacitor tnrough a resistance^ and five time constants to 
fully discharge the capacitor through the resistance^ 

The formula for detennlning one TC in an RC circuit Is: 

TC (in seconds) « R (In ohms) x C (in farads) 



In this circuity what Is the TC? 




TC = R X C 

TC = (20 ohms) x (15 x lo'^ f) 

TC » 300 X 10 ^ seconds or 300 microset:onds or 

0.5 ml 1 1 {seconds 

Therefore^ In this circuit It takes 0^3 milliseconds for 
to Increase to 63.2% of Its maximum (100 v) , or 63^2 voltsj 
or It takes 0.3 milliseconds for the E^. to decrease to 36.8$ 
from full charge (36*8 volts)* 
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Universal Tim Constant Chart 



8^ 
5 

H 





















vt. too 


X 






























































36.8X- 




















— 






I3.SX 












.X 0: 





*T 2T 3T 4T 5T 

RC 2RC bRC 4RC SRC 



Let's look again at our old friend, 
the Universal Time Constant Chart > 
which never changes. 

The percentages that are valid 
for inductance are also vaUd for 
capacitance. 



From analysis of the RC cir- 
cuit, can you determine what 
quantities are plotted on Curve A? 



What is plotted on Curve 8? 



!n a capacltive-reslstlve circuit, J_ and E*. are maximum at 
Time 0» and capacitor voltase is on the rise; ^therefore> Curve 
A indicates on the rise, or on charge. Curve B represents J_ 
on charge and E*^ on charge^ as they decrease* It also represents 
all quantities On discharge^ E^« l» and E^^. 

Recall that you can solve for quantities at particular time 
constants by using the percentages on the ch^rt and multiplying 
niaximums by the percentage for a given time constant* 
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C 



1 



It 




By uiing the values In the above circuit and the 
^'^Afcentages of the Universal TC Chart, which you 
hove memorized* find: 

t max. ■ 

TC - , 

Eft e T3 - 

§ T2 » 

E. % ikO microseconds-" 



By Ohm's Law, you determine that I « k ampc. The time constant 
formula TC « R x C tells us that TC ■ 60 microseconds. 

Eg % Time 3 » 5* x 100 volts or 5 olts 

% Time 2 = 86.5* x 100 volts r 86.5 volts 
eJ: % 240 microseconds - E at time h " x 100 volts - 98 volts 

V C 



Practice Problems 



1 . 




FIND: TC 





Eft e T2 - 
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2. 



lallOOV 



FIND: Ep § I TC 
I e 20J vsec « 



3» In problem 2, l^f the value of is Increased after 
5 TC Ua :e passed, what will happen to E^.? 



Answers - 

1 . TC " 150 psec 

J2 ^ k3.2S V 
Ej^ e T2 - 6.75 V 
I e kSO psec ^ 83.5 ma 

2. E|^ e 1 TC » 36.8 V 

I % 200 psec ' 3.375 amps 

3. Nothing 



Effects of Variations In TC 

The time constant of a given Circu!t Is equa? to R x C. There^ 
fore, If resistance or capacitance is Increased^ the TC 
Increases. If either R^or C_ Is decreased, the TC decreases. 

The only way TC can be changed Is to vary R^ or C^.^ The only other 
Independent variable In the circuit Is the^tpplled voltage. Let's 
see what hapoens In this circuit If-^he Ei^is changed f-om 10 volts 

to 20 volts, ^he time constant does not 
change; It ^tltl takes 20 m!crose<^nds 
for the capacitor voltage to reach 
63. 2t of its maximum. However, the 
maximum will have aoublec' frofn 10 
volts to 20 volts; therefore, the 



=-K>V 



■wvw 1 

2ms : 



a? 32 



Hdrrat] ve 



EI even- IV 



c^acltor must charge to twice the voltage in the same amount 
of time. 

Therefore^ If E increases^ the rate of charge atso increases. 
The capacitor has to charge faster. If E decreases, the r£te 
of charge decreases. ^ 



AT THIS POINT, YOU MAY PERFORM THE EXPERIMENT WHICH STARTS ON PAGE I 10 
PRIOR TO TAKING THE PROGRESS CHECK, OR YOU-KAY STUDY ANY OF THE • 
RESOURCES LISTED. IF YOU DO THE EXPE.RIMENT, TAKE THE PROGRESS CHECK, 
AND ANSWER ALL OF THE QUESTIONS CCRRECTLY, GO TO T''t NZXT LESSSN. IF 
NOT, TUDY ANY METHOD OF INSTRUCTION YOU WISH U^NTIL YOU CAN ANSWER ALL 
THE QlJESTIONS CORRECTLY. 
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PROGRAHHEO iNSTRUCTtON 

LESSON IV ' . ' * . 

RC Time Constant 

TEST FRAMES ARE 12» 17, 3i ANO 3?. AS BEFORE^ GO FIRST TO TEST FRAME 
12 ANO SEE \f YOU^CAN ANSWETl ALL THE ClUESTiOHS THERE, FOLLOW THE 
OIRECTIONS GIVEN AFTER THE TEST FRA'^E. 



K A capacitor charges to the source pCptential Instantly Pf there' * 
Is no resistance In the circuit. 



In the circuit shown> the capacitor charge^ to the ^PP' '£^$^t 
,voltage; i 



a. the moment switch Is ^closed. 
In a definite amount of time. 




(b) in a definite amount of time ^ 



2. The amount of time required to charge a capacitor to- 63.2^ (or 
decrease to of the appi ted vol tage in a OC resistive^ 

capacltive (RC) circuit Is known as the time constant ( TC ) . 

A time constant Is: 

a. the time required to fully charge the capacitor, ^ 

b. the time required for the source voltage to decrease 

to 36.8* of E , ^ . 
c. the time mquTredTor to be 63*2% of E . - 



< ■ ' ' 

{c} the time required for E- to be 63.2* of E . 

V ' a 
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3. To determine the TC of a DC series RC circuit we use the formula 
TC (In seconds) « R (in ohms) x C (In farads). 

Determine the time It takes for Ep In this circuit to reach 63. 2% 

of E,. 
a 



a* 50 msec 
b. 2 usee 
c» 50 usee 




U) 50 usee" 



The formula TC > R x C says that the time It takes the eapaeltor 
to eharge to 63*2%^ of applied voltage Is dlreetly proportional 
to the produet of _R and 

If the value.of or £ is Inereased In an RC elreuit* the time to 
eharge the eapaeltor: 



a. Inereases* 

b. deereases* 

e* stays the same. 



Ca) Inereases* 



5* Reeall from DC LR etreults that It takes about 5 time eonstants 
to reaeh steady values. 

Label the time constants below. 



"T" 



1% 
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We wilt now analyze a DC RC circuit white ctiarging ttte capacitor. 
At the Instant ttte switct) Is closed displacement current Is at Its 
greatest Ohm*s Law ve^Tue because tt)e capacitor has not built 
up an opposing voltage* 

At ttte Instant ttte switch Is closed: 



a* Is- minimum* 

b» Is maximum* 

c» Is maximum. , . 

- ^ , 1^ d, Is ml ntmum. 








U* minimum; c. j_ Is maximum) 






^ I 
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Ohm's Law can be used to determine the amount of current flow 

in the'clrcuit which, for the first instant, is controlled only 
by the resistance* 

The moflic^nt the switch is closed, the maxiinufli current Is; 

a» 6*6 a, 

b, 5 a» 

c, 0»2a, 

d» 6<6ya» 



8, Because current flow through the resistor is maxlmufli the 
instant the switch is closed, E,. is also maximum* 

In the schematic below, when the circuit is first energized, 
the voltage drop across the resistor is; 



a* 5 v» 
b* 100 V. 

c, 6,6 v» 

d, equal to E ^ 

a 



lOOV 



V jIKTBON 



20 U 



KM* _ 

laow ^ 



(b. 100 v; d. equal to E.) 
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9. As the capacitor continues to charge, the circuit current starts 

to decrease because Ep is opposing E < 

w a 

As the potential diff^^^nce across the capacitor increases: 
a. current flow increases. 



b. current flow decreases. 



c. E^ decreases, 
a 



1^ S| 
24 



lOOV 



iCTHON W 



c:i5Mf 



(b) current flow decreases" 



10. As the current flow in the circuit is decreasing* the voUage drop 
across the resistor must also be decreasing. 

Whfch o^ the below state[nent(s) is true concerning a DC series 
RC circuit? 



a. 




varies 


b. 




varies 


c. 


h 


varies 


d. 


h 


varies 



21 



icltOOV 



(a. varies inversely with charge time; d. E. varies directly 
with charge time.) 
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11. When E. Is equal to E all electron flow stops. 

Refer to the diagramjn frame 10^ When is equal to 100 

volts the current in the circuit is and Ej. is 

. maximum/zero 

maxlmunft/zero 



(zero; zero) 



12. Chi&ck the correct statements concerning a DC RC circuit when the 
capacitor is fully charged^ 



a. 


maximum 


b. 


Ej, zero 


c. 


J_ maximum 


d. 


zero 


e. 


E^ maximum 


f. 


Ej^ zero 



(THIS IS A TEST FRAME. COMPARE YOUR ANSWERS WITH THE CORRECT 
ANSWERS GIVEN AT THE TOP OF THE NEXT PAGE.) 
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ANSWERS - TEST FRAME 12 
a. E^ maximuni 
d. Jl_ zero 
f. ie,ro 



IF ALL YOUR ANSWERS HATCH THE CORRECT ANSWERS » YOU MAY GO ON TO 

TEST FMME t?. OTHERWISE^ 60 BACK TO FRAME I ANO TAKE THE PROGRAHMEO 

SEClUEHCE BEFORE TAKING TEST FRAME 12 AGAIN. 



13. 




Now if the switch Is moved to position 2» the capacitor 
discharges. 

Ourtng discharge^ the capacftor sets as a: 

a. load. 

b. source. 

c. resistance. 



tb) source 



5 
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I 

L 



The instant that the switch ts moved to position 2 electron fiow 
In the circuit is at its maximum Ohm's Law value again. 

The instant the switch in the above circuit is thrown to position 
2, current flow Is amps. 



IsT 



15- 



xxyv 



As the capacitor continues to discharge, its potential decreases, 

and current f Jow in the circuit - 

increases'/decreases 



(decreases) 

7 



9k 
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100V 




tr 

K20^ ^ lOOV 



3 c:i$M' 



Recall *'hat in any circuit the voltage rise is equal to the 
voltage drop. ^ 

As the capacitor dischargesi 

a^ and decrease together. 

b* Ej^ increases * ' 

c. as Ej. decreases> increases, 



(a) and decrease together 



9$ 
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P.I 



Eleven- IV 



17. 



Y 



itr30o 



—lb 

•:^-K)OV 



J 



Check the conditions that exist in the above circuit when the 
capacitor is fully discharged. 

a. Ep^ maximum- 

b» E- zero. 

c. rmxU 



d. I zero. 

e. E^ maximum. 

f. Eg zero. 



7 



(THIS IS A TEST FIV\ME. COMPARE YOUR ANSWERS WITH THE CORRECT 
ANSWERS GIVEN AT THE TOP OF THE NEXT PAGE,) 
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ANSWERS - TEST FRAME 17 



b. E|^ zero. 



d. I zero. 



f. Ej. zero* 



(F ALL, YOUR ANSWERS HATCH THE CORRECT ANSWERS, YOU HAY^ GO ON TO 
TEST FRAME 33* OTHERWISE, iJO BACK TO FRAME 13 AND TAKE THE 
PROGRAMMED SEQUENCE BEFORE TAKING TEST FRAME 17 AGAIN. 



r8. Use the graphs below to answer frames 19 to 22. These graphs 
show capacitor voltage, circuit current, and the voltage drop 
across the resistor In the series RC circuit ^U^ing growth. 

(circuit is energized at time zero.) 



mov 



I o 
100V 



L 1 
\t 




1 




1 1 1 
I 
I 


1 




I 1 

f 1 








I 
\ 






1^ 


— 1 






f — \ — 
1 
1 






1 








1 
1 

[ i 1 














I 
1 

[ f 






- — 1 — 1 
1 


1 — 


'. — ' 


I — 1 


1 — 1 — I 
1 j 






1 
r 








\ \ 


L_ J 


l_ . 



A 5».% X 

(Go to next' frame. } 



2« 



aiCTRON 



rum 



J 



ON CHARGi 
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19, 


Aw TO, Ej. U at value, 

max 1 mum/ml n Imum 


Iminlmum) 


20* 


Circuit current at TO Is at its value, 

maximum/mi nlmum 


tmaximum) 


21, 


The curve for E^^ and circuit current are simitar because they 
both reach their values at the same 
time. 


(minimum; maximum) lelther order) 



22, The greatest rate of change in current occurs between; 



a. 


TI 


- T2. 


b. 


T2 


- T3. 




Tit 


- T5. 


d. 


TO 


* TK 



tdj TO - TI 
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23, Use the graphs below to answer frames 2^ to 27» These graphs 
show Ep, circuit current, and Ej^ during discharge of the 
capacitor In the ftC circuit shown below* (Circuit Is de* 
energized at time zero.) 





Tl ^ % V % V ^ % 



DKAY CimVCS 



f.6o to next frame) 



lU, The greatelt voltage drop across the resistor Is at tlmei 



a. , TO. 

b. TK 

c. T3. 

d. T5. 



(a) TO 
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25. the capacitor' Is^^cogipUtely discharged at: 
a, Tl. 

b. Jk. ^v^. 

c. t6. ■ 

d, T2, 



26, The greatest rdte*of change in current is between: 

a, TI - T2, 

b. T2 - T3, 

c. n - T5. 

d. TO - TK 

- - - - - -<!• - ■v---------------------- 



TdTjO - TI 



27. When the electrostatic field of the capac-'tor Is depleted 
what are the values of: * 



Current? 



(aH zeroj 




i07 



100 



9 J. 
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28. Let's Jook again at our old friend the Universal Time Constant 
Chart which never changes. 




IT 2T ^J 4T 5T 

RC 2RC 3RC 4RC SRC 
From this chart* you can determine the values of E 
during the and 



of an RC circuit. 



(growth or charge; deca^ or discharge) 



V 
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29. Recall that you can solve for quantities at particular time 

constants by using the percentages on the chart and multiplying 
maximum values by the percentage for the time constants. 




Example 
In the circuit shown, find 



1, the time constant. , 

2. Ej^ (2 TC after swi tch 'is closed) . 

3* E^ (180 psec after ?wl tch- ts-closedTJ^ 
I (5 TC after switch is closed,) 



lAnswers on next pageQ ^ g^T" 
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1. TC « R X C 

Tc » (3on) (2 vf) 
TC » 60 ysec 

2. Eg after 2 TC: 
lOO V X 0.135 

3. After 180 pscc^ we are at the 
3rd time constant 

100 V X 0.95 

.^^ = « " ■ 

h* Capacitor )$ fully charged 
Current flow stops * 
I - 0 a 



30. 





1 

♦i 


* 













Assume the capacitor in tiie above circuit is being ctiarged. 
Wliat Is tlie voltage drop across tlie capacitor after 60 vsec? 

a. 47.5 V 

b. 2.5 v 

c. 50 V 



U) V 
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Assume the capacitor In the above dircult Is being discharged. 
What Is 1 at Tl? 



b. 2.52 a 

c. 1 .k7 a 



(c) Ki»7a 



32. 



■ZI- Ca:60V 



1 M • 1 

Assume the capacitor Is being charged. Solve for the quantities 
Indicated. 

a. t maximum 

b. TC 

c. E- at 72 

d. E^ at T3 

e. rat n 



(a. 2a; b. 60 }isec; c. 8.1v; d. S7v; e. O.Qlta) 
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1^:300 




The 



capacitor started discharging at TO. Solve for: 



a. I at T) 

b. E at T?" 

c. eJ at T3 

d. I at T5 

e. E at ff 



(this is a TEST FRAME. COMPARE YOUR ANSWERS WITH THE CORRECT 
ANSWERS GIVEN AT THE TOP OF THE NEXT PAGE.) 
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ANSWERS - TEST FRAME 33 
a* K to amps 
b. 33-^2 V 

d. O.amps 
e* 0 volts 



IF ALL YOUR ANSWERS HATCH THE CORRECT ANSWERS, YOU HAY GO ON TO 
TEST FRAME 3?. OTHERWISE, GO BACK TO FRAME 18 AND TAKE THE PRO- 
GRAMMED SEaUENCE BEFORE TAKING TEST FRAME 33 AGAIN. 



3^» Recall that the time constant Is directly proportional to the 
product of R^ and C_. 

if R or £ Is decreased In a DC RC circuit. It tatces: 

a. less t!ms to charge the xapacl tor. 

b» more time to charge the capacitor. 

^ c. the same time to charge the capacitor. 



(a) less time tp.char^e-the^capacrtor 



ii3 
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1 



In a DC RC circuit* If E Is increased or decreased* the time 
constant wfl) not change.. 

If the applied votta^e tn the above circuit ts varied, the 
capacitor charges to 63*2% of E In * 



a* Sysec* 

lOpsec* 
c» 20ysec* 



tc) 20 usee 



36. 



Notice that In the above circuit we have Increased but left the 
values of and £ the same. Now the capacitor tmisl charge to 
a higher voltage In the same period of time. 



In a DC RC circuit. If ts Increased then the rate of charge Is: 

a. Increased. ^ 

b , decreased. 

c. stays the same. 



(a) increased 
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37* In a DC RC circuit, if; 

t. is increased. 

2- E is decreased. 

3^ £ is decreased* 

^ is increased- 



0 
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a^ rate of charge Increases 
b. rate of cliarge decreases 
c- TC decreases 



(this is A TEST FRAME. COMPARE YOUR ANSWERS WiTH THE CORRECT 
ANSWERS GIVEN AT THE TOP OF THE NEXT PAGE.) 
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ANSWERS - TEST FRAME 37 

1. b/ 

2. b. 

3> a and c. 
4. a. 



Hf ANY OF YOUR ANSWERS tS tNCORRECT . GO BACK TO FRAME 3^ AND TAKE 
THE PROGRAMMED SEQUENCE BEFORE TAKING TEST FRAME 37 AGAIN. 



NOW TAKE THE EXPERIMENT WHICH BEGINS ON THE NEXT PAGE, IF YOU HAVE NOT 
ALREADY DONE SO. 
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£XPER(HENT 
RC Time Constant 

This experiment illustrates one possible application of RC circuits 
making use of RC time constants. 

K Draw Practice Board #n-<i, a 90-volr battery, a 10 MO resistor, 
a 1 Mil resistor, and an oscilloscope from the resource center. 

2. This Is the <;ircult you will be vorktng with. 



Flrst an explanation of a new device,* the neon lamp. This , 
type of lamp Is designed to fire (light) at a particular voltage 
(65-70 V for this lamp). * tlntil this voltage Is impressed across 
it, the 'amp acts ss open circuit and no current flows 
through It* When the proper voltage Is applied, the tamp fires 
and acts as a short circuit, conducting current until the 
voltage drops below Its extinguishing voltage (approx v 
for this lamp). 

At the Instant tho switch Is closed will the lamp light? ^ 

— 7 — ' ^ 

Yes/No - 



AMSWERS ARE LOCATED ON PAGE Uk, 
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3. 




CDlamp 



At the Instant the switch Is closed, current flows as shewn, 
charging the capacitor through the '10 MQ resistor* No c^uV'rent 
flows through the neon lamp because the firing voltage has 
not yet been reached* ' ^ 

Dlsregt»r:jlng the neon how long does It take to charge 
the capacitor to source voltage? 

^» Because no current Is flov/Ing through the lamp, the circuit at 
this time appears as a 10 resistor fn series with a 0 J v^d 
capacitor as shown: 



— # 



SNi 



TC * R X C / / 
(10 X \0^y (J X 10^**) 

TC I sec 

Charge time = 5 TC 

5(s) S sec * 



The neon lamp Is In parallel with the capacitor* WM1 
the capacitor ever charge to 90 v? 

Yes/No r 

S* Since voltage Is common across a parallel network, the voltage 
developed across the capacitor as It charges is impressed across 
the neon lamp* Once the capacitor has charged to a value equal 
to the lamp's firing voltage (65-7O v) , the lamp fires, conduct- 
ing current and discharging the capacitor* 
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he neon lamp has a cut-off voltege of 35-40 volts. Will the 

lapacitor discharge completely when the lamp fires? 

Yes/No 



The 

c 



■6. To determine the tMme required for the capacitor to charge 
enoug to fire the lamp (he first tirne^ two values must be 
considered> the f I r ing vol tage (BS-^TO v) and the time constant 
(1 sec) , * 

Source voltage Is 90 v; so after 1 sec the capacitor charges 

to volts> after 2 sec it could chbrge to 

volts. 

7. The firing voltage for the lamp P-^s between these two 

values. So tha initial flash time muft be somewhere between 
1 and 2 sec. By using the Universal Time Constant Charts the 

time can be pin-pointed witii a little more accuracy as 

to seconds. 




.^.S^L _ 
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8» Connect the 90 v battery between terminals TJ_ and T8^» Now 
measure the time it takes for the lamp to flash for the firs t 
time. Close the switch and time the first fiash. De-energize 
the circuit and short the capacitor* Repeat this procedure 
several times to find an average time. KEHEM6ER THE CAPACITOR 
MUST BE SHORTED EACH TIME THE CIRCUIT IS DE-fc(4ERGI2ED. 

Time 



9. If you left the circuit energized after the initial flaslt^ 
you may have noticed that the subsequent flashes occurred In 
less time (about 0.5 sec apart). The increased firing rate 
occurs^ because the lamp does not conduct long 'enough to 
completely discharge the capacitor. This graph shows the 
voltage variations in the circuit after the swTtch Is closed 
(Time 0)^ 




d 55^16 15 20 Z5 30 as 4i) 45 SKONDS 
Tint ^ 

Notice that on the initial charge* the capacitor fnust charge 
from 0 to approximately 65 volts while on each succeeding 
charge it only has to go from 35 to 65 volts. 

10. The flash rate may be varied by changing the value of resistance 
in series with the capacitor.. To F'ove this, replace the 10 MO 
resistor with the I MC^ resistor. This decrease in resistance 
causes the flash rate to . To prove your 

i n c rease / dec rease 
answer energize the circuit and observe the flash rate. 
De-energize the circuit and short the capacitor. 

11. The charge and discharge cycle of .the capacitor may be viewed 
by placing an oscilloscope across the capacitor. 

a. Set the oscilloscope up according to the instructions given 
in "The Oscilloscope Job Program 9-6-K'' 
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b* Connect tht^ ground lead to the negative side of the capaclto 

Conoect the probe to \he positive side* 

d. Energize the ct#cuit and adjust the scope to obtain a 
Clear trace* 

r 

e* Sketch the trace: 



f» De^energize the circuit and short the capacitor* 

g* Turn off and disconnect the scope* 

h. Replace the ) Ma resistor with the )0 HQ resistor *^ 

i* Return materials to the resource'center . 

Answers; 

2. No 

3. 5 sec 
^. No ' 

5. No 

6. 56.89 v; 77.8 v 

7. approximately 1.25 " 1.5 sec 

8. between 1.2 and 1.5 sec 
10. Increase 
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11. e. The sketch should be similar to: 
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O ^5 1.G lis 3.0 2S yjo Is 40 4S SECONDS 



YOU HAY NOW TAKE THE PROGRESS CHECK, OR YOU MAY STUOY ANY OF THE OIHER 
RESOURCES LISTEO. IF YOU FAKE THE PROGRESS CHECK ANO ANSWER AIL THc 
■ftUESTIONS CORi^ECTLY, GO TO .THE NEXT LESSON. IF NOT, STUDY ANY ■ 
METHOO OF INSTRUCTION YOU WISH UNTIL YOU CAN ANSWER ALL THE ftUESTIONS 
CORRECTLY. • _ 
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5UMMARY 
LESSON IV 

RC Time Constant 

In a purely capacltlve ctrcu!t» the capacitor charges Instantly 
when the voltage )s applied* and similarly* discharges Instantly 
when shorted* Practically* every c^cult has conductor resist- 
'ance (wire)* Internal resistance (source) and other resistive 
components* The resistance In the below Illustration represents 
all cfrcult resistance lumped Into one valve* In this lesson we - 
will discuss the phenomenon of reslstlve**capacltlve circuits In 
the transition state* That Is* we want to describe voltage and 
current characteristics ot an RC circuit during the time of 
charging or discharging the capacltlve elements* 

A typical resist Ive-capaclttve circuit Is illustrated below* It 
contains a voltage source* resistive and capacltlve^components* 
and a switch which can be positioned for: (1 and 3) open circuit; 
(2) capacitor charging; and (4) capacitor discharging* 



Summary 




■\ , I ^ T.. 

In position 1* there Is no current flow* no^voltage drop across 
*R^* hnd no charge on the capacitor* 

At the Instant the switch Is closed to position 2» the full voltage* 
E t appears across points A to B and current flows* 

^*y Ohm*s Law* tiie Instantaneous ma^Klmum current flow Is I " ^» 

At this Initial time (Time 0)* current Is maximum* voltage drop 
across fs eqq^I to^ * and the voltage and charge across £ Is 
zero^ As the capacitor charges* a voltage develops across £ opposing 
E and* hence* decreases current flow* When the (Charge of the capac- 
itor reaches maximum^ the voltage drop across £ Is. equal and 
opposite 'to E prevehting any more current flow* Therefore* the 
larger Is* the longer the time required to reach equilibrium* 
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When the swUch Is moved to position k, the capacitor-resistor 
* elements are shorted^ and the voltage acros5 £ produces a current, 

■1 » moving in the opposite direction to, the charging current, 

it is important to note that: 

(max) - Ej. (max) 

and charging (max) = J;; discharging (max) 

since is constant* As di^scharge current flows, X ^PP''^^^^ 
zero* 

Computing RC Time Constants 

&y definition^ the time it takes a capacitor to charge^'and reach 
63*2% of Its maximum voltage, E^^ is one time constant^ tc* 

TC R X C ^ 

Likewise, the time constant for discharging a capacitive-resistive 
circuit from maximum is that' time takes to fall to 36*8% of its 
maximum value* This Is the ^same TC calculated from the formula 
for the same RC circuit* 

Universal Time Constant Chart 

The Universal Time Constant graph that was valid for inductance 
also applies to capacttive phenomenon in the transition state* 



With the swUci at position 2 at 
Time 0, I and E are maximum. 
Capacitor voltage, E^, is zero* 
As current flows and charging of 
C^ occurs, Curve A represents the 
Increasing capacitor voltage* 
Curve B represents the decreas* 
ing current and voltage drop 
across R* 
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You tan calculate maximum values of E- and J_ at Time 0 from Ohm's 
Law* The PtC time constant of the circuit is calculated frofu 
TC * R X Ci From the graph, you can then calculate Ejs, fc„, and J_ 
at any time by multiplying the maximum values by the percentage for 
that time. 

The time constant of any RC circuit depends only on the values of 
R and C and does not depend on E ^ 



AT THIS POINT, YOU HAY PERFORM THE EXPERIMENT WHICH STARTS ON PAGE I tO 
PRIOR TO TAKING THE LESSON PROGRESS CHECK, OR YOU MAY STUDY THE LESSON 
NARRATIVE OR THE PrtOGRA^ED INSTRUCTION OR BOTH. IF YOU DO THE 
EXPERIMENT, TAKE THE PROGRESS CHECK, AND ANSWER ALL OF THE QUESTIONS 
CORRECTLY, GO TO THE NE)CT LESSON. IF NOT, STUDY ANOTHER METHOD OF 
INSTRUCTION UNTIL YOU CAN ANSWER ALL THE fttlE^TfONS CORRECTLY. 
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Capaclttve Reactance 
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OVERVIEW 
LESSON V 

Capacitive Reactance 
tn this lesson you wMI study and learn about the foUowtng: 

-how 9 capacitor works 
-comparing Inductors and capacitors 
-capacitance In AC circuits 
-how frequency- affects 

-how capacitance affects X- 



X 

-mathefnat icat fonnula for X 
■how Xj. affects current 



C 



BEFORE YOU START THIS^ LESSON* PREVIEW THE LIST OF STUDY RESOURCES 
ON THE NEXT PAGE. 
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LIST OF STUDY RESOURCES 
LESSON V 

Capacittve Reactance 

To learn the material In thts lesson, you have the option of choosing, 
according to your experience and preferences, any or all of the 

following: 



r. 



STUDY BOOKLET: 

Les'*on Narrative- 
Prog^rammed Instruction 
Lesson Summary 



ENRICHMEHT MATERIAL: 

NAVPERS SJtlOOA-lb "Basic Elet^trlctty, Alternating Current." 
Fundatnentals of Electronics . Bureau of Naval Personnel. 
Washington, O.C.: U.S. Government Printing Office, 1965. 

AUDtO-VtSUAL: 

'Super t - "Capacltlve Reactance" 



YOUHAY NOW STUDY ANY OR ALL OF THE RESOURCES LISTED ABOVE. YOU 
MAY TAKE THE PROGRESS CHECK AT ANY TIME. 
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NARRATIVE 
UESSON V 

Capacittve Reactance 

How a Capacitor Works 

Let^s_[ook^at a circuit with a capacitor in It, At the instant 

that the switch is c>osed» there is 
no voltage devetoped across 
the capacitor^ so the source sees no 
opposition in the circuit. Circuit 
current is maximum at thts. first Instant 
and electrons wit) pile up on one plate 
of the capacitor and put I away from . 
the other plate untH a difference of 

^ fotentiat equat to source vottage builds 

up across the capacitor. At that tlme» E and are equal and opposite^ 
and the displacement current ceases. 

Now, with the capacitor In a fuUy-chargec: state, If the source 
were changed from 10 vclts to 20 volts^r the capacitor would 
again react to a voltage change by charging until a capacitor 
voltage of 20 volts was reached. 

You recall that capacitance Is associated with the ability of 
a circuit to oppose a change tn voltage. Therefore, any change 
in the applied voltage — not only an increase, but also a decrease 
*- causes the capacitor to react. For example. If the applied 
voltage to our capaclttve circuit were decreased now from 20 volts 
to 10 volts, the capacitor would discharge until E^ was again 

equal to E . 

'a 

The capacitor opposes changes tn the source volta^^^ through the 
charge and discharge currents. The delay In^the change of capacitor 
vottage In an RC circuit (rC tfiike constants) Is a good Illustration 
of this. 



Comparing Inductors and Capacitors 

To point out that a capacitor reacts to the rate of change In 
vottage, not to the rate qf change In current. It may help to 
analyze the ^two circuits at the top of the next page: 
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NOTE: Assume both circuits 
have been on for more 
than five time constants^ 



A 



Hew would the Inductor and the capacitor reac^ In the 
circuits above If the variable' resistor were changed 
from ion to ■ 



Note that In circuit B, If resistance were decreased) current would 
increase, and the inductor would react to the change in current 
by producing more CEKF to choke the Increase In current flow^ 

However, tn circuit as the capacitor Is fully charged, dls^ 
placement current becomes zero, and changing the resistance does 
not affect a change In current, nor does the capacitor reacts A 
capacitor only reac^^ to oppose a change In the voltage across It^ 

Capacitance In AC Circuits 

Up to this time, we have observed capacitors in only DC circuits^ 
Now, you can see that if we were to take the battery out of the 
circuit and quickly reconnect It with the terminals reversed, 
the electron flow would be opposTte to the original direction 
through the circuit, )f we continued to repeat this process very 
' quickly (changing tne bottery connections back and forth from one 
polarity to another), would have the same effect as If we 
had an AC source, which constantly changes polarity. 

To react t;o the changing voltage, the polarity across the plates 
' of the capacitor must change constantly^ 
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Narrative 



Eleven^V 



If the capacitor has time (a $hort 
enough t\m constant) to charge to this 
maxtmum valuei at the moment the voltage 
reverses I the capacitor reacts b> 
discharging to again equalize the capa* 
citor voltage and the applied voltage. 
Remembert the amount of resistance and 
<^apacltance determines how much time 
Is required to fully charge the capacl-^ 
tor; so It Is possible (in fact 
probable) that the capacitor does not 
/ charge to Its maximum. value when the 
applied voltage reverses; therefore, 

— the^apacltor Is- contlnuously^charglng 

or discharging. 



Cawcltlve Reactance (X ^.) ^ 

)4t noted abov^ that with an AC voltagei It Is possible that the 
^pacltor might never have a chance to fully develop the voltage 
across Its piates. We said this depends upon the amount of 
resistance and capacitance. The higher the frequenoyi the less 
- time It takes the applied voltage to go from zero to maximum* 
and consequently* the less time the capacitor has to charge. 
One other factor affecting thls^ process* then* Is the frequency 
of the applied voltage. The higher the frequency* the Uss time 
the capacitor has to react.. The less tlme^the capacitor has to 
react* '-^^ higher the^ current or the less capacltlve reactance 
there Is. Increased £f decreased X^^^. Therefore* we can say 
that X* Is Inversely proportional to f^. " 



Capacitance Affects X ^ 

Similarly* If you Increase the capacitance* X^ decreases. For 
example* by Increasing capacitance we Increase the amount of 
charge required to develop a given potential difference across 

the capacitor. (C « ^* therefore* E « ^.) 
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Narrative 



Eleven-V 



If capacitance Is Increased, it takes the capacitor longer to 
charge to the applied voltage, and a greater current will flow 
during the charging process. Thus capacltlve reactance Is less. 

Increased £^ decreases X^l. Just as Js inversely proportional 
to frequency. It Is elso Inversely proportional to capacitance. 



X^ . Formula 



The formula for finding reflects the Inverse relationship of 
1 ^nd £: 

\ " 2^?C 

Note that although resistance affects the amount of time required 
to charge or discharge the capacitor. It does not affect the 
aETiount of opposition the capacitor offers to the AC current. 
Xj. ts Independent of circuit resistance* 

Here, as In the formula for X. , the l-n Is a constant (6*28}« 
One divided by 2ir Is equal to 0. l59;"^ereforej you may slfi(^llfy 
the Xj, formula to: 



Find Xj, In this circuit. 



Answer: 79.5 ohms. 
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Effects of X j , on Current 



let's see what happens to other circuit 
quantities when is changed In a 
purely capacitive circuit* 



(Vfhat happens to total current if we Increase frequency? You 
knqw that if you increase fj f f 

and if opposition decreases: 

What happens to total current if you decrease capacitance? 

C + ^ 

't ' 

Substituting X^ s In Ohm's law Formula 

As X-. is opposition^ it can be substituted for in the Ohm^s 
Law formulas. 



Find Ij in a circuit where ^ lOOv and » 50fi* 
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Narrative 



Eteven"V 



In Lesson Mi you learned that parallel capacitance Is addUive 
and that series capa Itance must be computed by the product 
over the sum or reciprocal method* This is true only for 
capacitance. Capacitive reactance is an opposition to current 
and ts measured in ohms. Because of this, total capacitive re^ 
actance i^^j) computed in the same manner as total resistance. 



AT THIS POINT, YOU MAY TAKE THE PROGRESS CHECK, OR YOU MAY STUDY ANY 
OF THE OTHER RESOURCES LISTED. IF YOU TAKE THE PROGRESS CHECK AND 
ANSWER ALL OF THE ftUESTIONS CORRECTLY, GO TO THE NEXT LESSON, II: NOT, 
STUDY ANY METHOD OF INSTRUCTION YOU WISH UNTIL YOU CAN ANSWER ALL THE 
QUESTIONS CORRECTLY. 



\ 



^^3 
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PROGRAMMED INSTRUCTION 
LESSON V ' . * 

CapacUive Reatrtance 

TEST FRAMES ARE 16, 29 AND 3K AS BEFORE, GO FIRST TO TEST FRAME 16 
AND SEE IF VOU CAN ANSWER ALL THE QUESTIONS THERE. FOLLOW THE DIREC- 
TIONS GIVEN AFTER THE TEST FRAME. 



K Recall that one of the characteristics of capacitance Is .tl|f 

ability to oppose a change In cjrcult 

vol tage/current 



Wo It age) * 



2. We can most easily observe how this happens by recalling our 
knowledge of Internal resistance. 



I 

iRj:tii 



When the switch Is closed, current flow Is 



a. t amp. 

b. 10 amps. 

c. 0.1 ainps. 



(b) 10 amps 
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Eleven-V 



-•^ — •- 




K> ATtPS 



How much voltage Is dropped acros^s the Internal resistance^? 



a* 5 volts 
b» 1-volt 
c» 10 volts 



' Kc) 10 volts 



■K>Vi 

Ri 

1 SI 



K) AMPS 



Theoretically, the entire amount of applied voltage would be 
dropped across the Internal resistance. 

Internal resistance: 

a* decreases the terminal voltage of the source* 

b> Increases the termiiial voltage of the source. 

c> has no effect on the terminal voltage of the source* 



(aj decreases the terminal voltage of the source 
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5» Let's look at this same circuit with a capacitor in it. At the 
instant the switch is closed* the capacitor tias not had a chance, 
to charge and develop an opposing voltage. ^ 




IC»V 



10 AHK 



1 
J 



The Instant the switch is closed* the capacitor in the above 

circuit acts 1 ike a/an circuit. ^ 

open/short 



(short) 



6. 




The instant the switch is closed in the above circuit* only 

the ; is limiting current flow. 

capaci tor/ internal resistance 



K i nterna 1 res i stance) 
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As the capacitor charges: 



r 



a. Ep< decreases. 

b. terminal voltage decreases. 

c. terminal voltage Increases. 

d. Ep^i Increases. 



(a. Ep^j decreases; c. terminal voltage Increas s.) 



8. 



i. 

i 



lb'. * 




m 



The terminal voltage of the source In the above circuit dees not 
reach Its full value until the capacitor Is fully » 



(charged)" 



■ft.'. 
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9* 




£c;k)v 



If we now suddenly change E to 20 v* the capacitor has to 

react to this change by — — * 

charg I ng/d } scharg i ng 



(charging) 



10. Any change In the applied voltage causes the capacitor to react 
to that change. 

If E In a capacltlve circuit decreases » the capacitor has 
to ^ 

charge/discharge 



td I scharg^ 
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IK Due to the property of capacttance, any change in £ causes 
the capacitor to react $o a$ to Umlt the change In capacitor 
voltage until the capacitor 1$ fully charged or discharged* 

Check the correct statement ($) * 

a. While the capacitor Is charging or discharging, a voltage 

is developed across Rf. 
While the capacitor Is charging or discharging, the 

capacUor voltage does not equal 
c> While the capacitor Is charging or discharging, the 

terminal voltage does not change. 



la. White tte capacltdr Is charging or discharging, a voltage ts 
developed across Ri; While the capacitor Is charging or dis 
charging, the capacitor voltage does nof^equal £ . 
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12. Let's see what happens when we use an alternating source voltage 
In a capactttve circuit. 

You can reverse the charge across a capacitor by reversing the 
battery as shown below, tj} each.clrcu1t» draw the polarity signs 
In the boxes next to plates A and 6. ^ 



^iliF 



13« An AC generator alternately reverses polarity; therefore* If we 
connecf^an alternator across the circuity the capacitor reverses 
Its charge with each of AC voltage* 



tal ternatlon) 



£leven-V 



In figure A, the positive alternation charges the capacitor as 
shown* Draw the polarity signs In figure B to show how the 
capacitor charges during the negative alternation* 

© 



x9 — 



h9 — 
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P.I. Eleven-V 
16. A capacitor: 

a. blocks AC. 
^ b. blocks'a steady flow of OC. 

c. acts as an open In a DC circuit trtien It is ful )y charged. 

d. acts as • short In a DC circuit when fully charged. " 



(THIS IS A TEST FMHE. COHPAftE YOUR ANSWERS WITH THE CORRECT 
ANSWERS GIVEN AT THE TOP OF THE NEXT, PAGE.) 
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ANSWERS - TEST FRAME l6 

b. blocks a steady flow of DC. 

c» acts as £n open \n a DC circuit when it Is 
fully charged. 



IF ALL YOUR ANSWERS MATCH THE CORRECT ANSWERS, VOU MAY GO TO TEST 
FRAME 29. OTHERWISE, GO BACK TO FRAME 1 AND TAKE THE PROGRAMMED 
SEQUENCE BEFORE TAKING TEST FRAME 16 AGAIN. 



17' When' there is an AC source, the capacitor Is constantly reacting 
to the change and developing a voltage that opposes any change In 

The effect of these two opposing voltages current. 



(limit) 

18. The Opposition which a capacitor offers to alternating current 
is called capacltlve reactance and Is designated X^.. 

Capacl':ive reactance: 

a. ' 1 Iml ts current f low^ In a capacltlve AC cl rcul t- 

b. Is an ablUty to oppose a change In voltage. 

c. is an ab,lllty to oppose a change In AC current. 



(a) limits current flow In a capacltlve AC circuit 



M5 
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19* The opposition a capacitor offers to AC Is measured In the same 
units as the opposition an Inductor or ^eslstor offers. ^ 



Is measured In: 

^ ^ a* henrys. 
b* farads, 
c. ohms. 



tc) ohms 



A' 

20. When the source^is^ constantly changing polarity^ as In AC» (t 
Is possible that ithe capacitor ml^ht never have the time to de- 
velop an opposing voltage equal to the source voltage. 

The faster an AC voltage changes* the the capacitor 

wlH react. more/less 



(lessj 



21. We can say then that capacltlve reactance Is Inverffely pro- 
portional to frequency. 

If frequency Is decreased: 

^ a. Xj. goes up. 

b. Xj. goes down. 

c. Xp stays the sarne. 
d. C goes up. 



(a) Xj. goes up 



El even-V 



22. Since a greater amount of capacitance must accumulate more^harge 
to reach a given voltage* you can see that If £ Is Increased* It 
takes longer for the capacitor to charge and It reacts less 
quickly. 

If capacitance Is Increased: 



a. goes up^ * 

goes down, 
c* Xp stays the same. 




(b} X^ goes down 



23. We can say that X* Is proportional to f and 



(Inverse!^ 



P.I. ' Elcven-V 

ZH. The formula for finding X- reflects the inverse relationships 
of f and 

2w)c Where: « capacitive reactance tn ohms 

Zif " B constant (6v2B) 
^ f » frequency In Hertz 
C capacitance in farads 
Example: What Is the X^ of the circuit Illustrated below? 

C35Mf -T- ' 



Solution: 

j( . L_ 

^' {i.ZB){h X 10^) (25 X 10'^) 
Note: Any time you have you can simplify the equation and 
itubstltute. 0.159 for the numeral j_ ^ove' the line. (X^, » 

so: x,._MS_5. 

^ (iixlO^) (25x10 ^) 

100 X lo"^ 
Xg « 1 .53 tl 



(Go to next framed 



p.l. 
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25. Vfhat Is the capaclttve' resctance of the circujt Illustrated 
below? * ' • . 

L 



a, 53 H» 
- 8 Mfl 
?. 53 n 
d. ' 1 kO 




to S3 fl 



26* cannot be measured Wtth an otimcneter» but the^value of E 
and t can^be determined and Ohm*s Law applied. ^ 

The Ohm*s Law formula to find X^ can^be written as: 

.J : ^ - V 

. b. Xj. - e'x I 



c. 



,c. X,.f 



27* What would your ohrnmeter reading be If you attempted to meai^ure 

X-. across a canwItorT * ^ 

C * ^ ■ 

0 ohms 

infinity 

\_^^c. depends on the resistance of the capacltofr 



(b) Infinity {it will read In/lnlty because the capacitor will 
sfmply chi>rge to the value^of the- Internal batteries of the 
ohmmetert then alV current will itop*) 



11*2 



p. I; 



EI even* V 



28. Calculate In the circuit IDustrated'betow. 



a. 8 fl 

b. 32 fl 

c. \.Z> fl 




(a) 8 fl 



29. Solve for the quantities listed In the circuits tllustratsd 
below: 




(THlS'tS A TEST FRAME. COMPARE YOUR ANSWERS WITH THE CORRECT 
"ANSWERS G'lVEN AT THE TOP OF YhE NE.^T PAGE.) 



ai,3 loo 
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ANSV as - TEST FRAME 29 . 

A. too Q» I amp 

B, 50.000 Q 



IF ALL YOUR ANSWERS HATCH THE CORRECT ANSWERS, YOU HAY GO TO TEST 
FRAME 3K OTHERWISE, GO BACK TO FRAME 17 ANO TAKE ThI PROGRAHMEO 
SEQUENCE BEFORE TAKING TEST FRAME 29 AGAIN. 
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30. Since X. depends on thft frequency of the appUed voltage and 
the amoont of capacitance, let's see what happens to other 
quantities when these values are changed tn a purely capacftlve 
clfcult. 



Example: 




IKKz 



If 

If 

f 

tf 



frequency Is Increased tn the above circuit, then decreases; 
X^ decreases, then 1^ ntust Increase. 



C Is jdecreased tn the above circuit, then: 
_ a. - Xj. decreases. 

b. X- Increases. 
_ c. \j decreases. 



d. 1^ Increases. 



(b. Xp Increases; c. I- oecreases) 
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31. Indicate by arrows what wtll happen to and )^ {n an AC 
capacHiv^ circuit If £ is decreased; if £ is increased. 



J— i 1 



(this is a test frame, compare your answers with the correct 
answers giv^n at the top of the next page.) 
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ANSWERS - TEST FRAME 3t 



* * r 



f 



t 



IF ANY OF YOUR ANSWERS IS INCORRECT , GO BACK TO FRAMr 30 AND TAKE 
THE PROGRAMMED SEQUENCE. 



32. Total capacttlve reactance (^^-r) cunputeo In the same way 
as total resistance, product over sum oi reciprocal method 
for parallel circuits, addltloii for series circuits. 



Find X 



CT* 



^l 



Xei:6on 



J_Xt^40Sl 



ta. Ife.Zfl; b. 150m 



YOU MAY NOW TAKE THE PROGRESS CHECK, OR YOU MAY STUDY ANY OF THE OTHER 
RESOURCES LISTED. IF YOU TAKE THE PROGRESS CHECK AND ANSWER AIL THE 
QUESTIONS CORRcCTLV, GO TO THE NEXT LESSON. IF NOT, STUDY ANY METHOD 
OF INSTRUCTION YOU WISH UNTIL YOU CAN ANSWER ALL THE QUESTIONS CORRECTLY. 



Sufflmery E!even-V 

SUMMARY 
LESSON V 




Capacltlve Reactance 

You will recall that a capacitor reacts to the rate of Qhange of 

voltage applied to It. At the Instant 

the switch Is closed In the circuit 

sIivuHi fnaxImMm current flows and a 

dlffereni:e of potential starts to 

build up between the capacitor plates. 

This dlt'ferenca In potential opposes 

tne source voltage and reduces the 

vVoltage across the resistor, thereby 

reducing circuit current. When the 

capacitor voltage equals the applied voltagei current flow stops, tf 

we then decrease E , the capacitor vQltage becomes greater than E , 

and current flows in the opposite direction. This reverse current 

continues until the capacitor voitage again equals E . 

a 

If we replace the DC source with an AC source, the capacitor 
voltage contlnuouSbly varies as It tries to stay equal and 
opposite to the applied voltage. Because the capacitor voltage 
opposes applied voltage, It limits current from the source. 
This opposition to altematTng current flow is called ca pacltlve ' 
reactance , its symbol Is and It Is measured In ohms. 

Factors Affecting 



Frequency of the AC source voltage affects the mgnltude of XI. With 
an AC source, the voltage Is constantly changing polarity and 
It Is possible^ tha;, the capacitor may never. have a chance to fully 
charge (develop full potential) before the applied voltage changes 
pQtarlty. The higher the frequency of changing polarity, the 
less time the capacitor has to react. The resulting capacitor 
voltage, o1>poslng the source voltage, never reaches maximum by the 
time the reverse charglng-'dlsc^arglng part of the cycle begins. There-* 
fore, the higher the frequency, the less time the capacitor has 
to react, the tower the capacltlve voltage opposing the source 
voltage, and the less capacltlve reactance.. An Increase In ]f pre 
duces a decrease In X^. X^ Is Inversely proportional to frequency. 

Cepacltance affects the magnitude of Xg. From the formula for the 
tfme constant of an RC circuit, TC • R x C, the time constant Increases 
when capacitance Increases, tf capacitance Increases, It takes longer 
for the capacitor to charge. The capacitor's reaction takes more 
current and X^ decreases. X^ Is also Inversely proportional to C^. 
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The formuU for calculattng is; 

- . c ufc 

where 2ir ts a constant e<tuat to 6*28* 

Since ts a measure of opposition to alternating current flow 
calculated In <^jhm\ Increasing by decreasing f^or C produces 
a decrease In t* SlmHarly/ oecreaslng by IncreasTng f^or £ 

produces a^corFespondlng increase In U 

(■ 

. . 1 ' L ; ' ■ 

' AT THIS POtMT, YOU KAY TAKE THE; LESSON PROGRESS CHECK. OR YOU HAY 
STUDY THE lESSOK KARRATIVE OR THE pitQGRAHMED INSTRUCTION OR BOYH. 
IF YOU TAKE THE PROGRESS CHECK /^iD ANSMER.ALL OF THE QUESTIONS COR- 
RECTLY* GO TO THE NEXT LESSON* IF HOf , STUDY ANOTHER HETHOD OF 
INSTRUCTION liKTIL YOU CAN ANSWER ALL THE QUESTIONS CORRECTLY* 
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OVERVIEW 
LESSON VI 

Phase and Power Relationships 

In this lesson you will study and learn about the fol lowing: 

-phase relations jin a purely capacltfve 
circuit 

-vector representations of phase 

^ -relattonshtps 
-angle theta, 6 

-power factor 



BEFORE YOU START THIS LESSO>l, PREVIEW THE LIST OF STUDY RESOURCES 
ON THE NEXT PAGE. 
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LIST OF STUDY RESOURCES 
LESSON VI 

Phase and Power Relationships 

To learn the material In this lesson^ you have the^option of choosing^ 
according to y^Htr experience and preferences^ any or aU of the follow 
Ing: 

STUpy BOOKLET: 

Lesson Narrative 
Prograroned Instructton 
Expi»rtment 
Lesson Summary 

ENRICHMENT MATERIAL: • 

HAVPERS 93400A-1b "Baste Electricity, Alternating Current." ' 
Fundamentals of Electronics . Bureau of Naval Personnel. 
Washington, DC.: U,S. Government Printing Office, 1965. 

AUDIO-VlSUAk: 

Slide/Sound Presentation - "Capacitance: Phase Relations.*' 



YOU MAY NOW STUDY ANY OR All OP THE RESOURCES LISTED ABOVE. YOU HAY 
TAKE THE PROGRESS CHECK AT ANY TIME. 



Narrative 
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NARRATIVE 
LESSON Vt 



Phase and Power Relationships 



Phase Relations In a Purely Capacltlve Circuit 




t 



t 



The chart on the left represents 
the waveforms of both current 



and voltage In a purely capacl- 
tlve, Idealized circuit. Notice 
that current and voltage are 90*^ 
apart or out of phase. 



At 0 degrees on the c^raph, the 



360* 



rate of change of apj>1led voltage 
is greatest, and irtaxlmum current 
flows to charge the capacitor to 
the source voltage value. 



As the rate of change of appHed voltage decreases (O*^ to 90*^ 
on the graph), the charging current gradually decreases until, at 
90^, the capacitor voltage and the applied volta'^e are not change 
Ing and current Is 0. An Instant later, the applied voltage 
starts decreasing and a discharge current flows to reduce the 
capacitor voltage. This discharge current Is opposite In direc- 
tion to the Initial charging current, so It Is shown on the graph 
as negative. 

At 180^, the rate of change of the capacitor voltage and applied 
voltage are again maximum, and pe^k current must flow to keep 
the two voltages equal. From 180*^ to l70^ , the applied and 
capacitor voltages Increase, tP their peak negative value while 
the charging current gradual 1y decreases to 0 at 270**. After 270** 
the circuit voltage decreases and the capacitor conmences to 
discharge causing current to flow In the positive direction again. 
Conditions at 360** are^ the same as those at 0*, and the cycle re- 
peats as long as the AC voltage Is applied to the circuit. 



Vector ^Representation of Phase Relationships 



A 




\ DIRECTldH OF 
El V|CTOR ROTATION 



This vector representattori shows 
current leading voltage by 90**. 



\ 
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You can reiTKWber the phase relationships tn either an Inductive or 
a xapactttve ctrcutt by the phrase: 



E I ( 



the 



t C E m a n 



Voltage leads Current 
In an Inductive circuit 



Current leads Voltage 
In a capacttlve circuit 



Study the vectors representing the phase relationships that w''^ have 
learned for the three Idealized circuits vtc have studied* 



Purely Resistive 
la 



Volta'^e and current are In phase; therefore 
the phase angle Is ^ 



Purely Inductive 
to 



Purely Cy^jacltlve 



Voltage leads current by 90^* 



Current leads voltage by 90^* 



Angle Theta 



In the angles of the vectprs on the preceding page, this symbol 
appears: 6* This Is the Greek letter theta > Angle ^heta will 
be under consideration In our future studies* It Is always the 
phase angle betv^en current and voltage* 



Power Factor 

tt\ a purely reslsttve^clrcult, you know that all the apparent 
.power Is dissipated by the load in the form of heat* If P In a 
purely resistive circuit Is lOO va, then the P. Is 100 w* ^When 
all the power that the source supplies to the clfcult Is used by 
the load, the cir^cult^ls said to have unity power factor* 



N«rr«tlva Eleven-Vt 

Powttr companies stride to achieve this Ideal power factor for 
reasons of economics. You can easily understand that the com- 
pany loses money If the plant supplies considerably more current 
^ to tha.clrcults than they are paid -for. For this reason, power 
companies pay considerable attention to the power fi^ctor In their 
circuits. . 

Vfhan all the power In a circuit Is used, as In a purely re- 
sistive circuit, the power factor Is unity or one. Unity Is the 
highest power factor possible. In all circuits other than a 
purely resistive or a purely reactive circuit, the power factor or 
PF wilt be between 0 and 1. 

Power factor can be compuh:ed by dividing true power by apparent ' 
X power: 

a 



Power Factor In Reactive Circuits 



]n a purely Inductive circuit. If P equals 100 
va, what Is P^? P^ - [ ' . . 

Reactive power In a purely Inductive circuit equals the appar-^ 
ent power; therefore, ^ 100 vars. 

By the formula for finding the power factor, you can determine 
the power factor for this purely Inductive circuit. 

PF • — 

• % 

In^a purely Inductive ctrcult» none of the power Is actually being 
consumed - }t Is merely being stored and sent back to the source, 
so the PF Is 0.' 

similarly. In a purely capacttlve circuit, no power Is being diss! 
pated. All power Is being stored In the electrostatic field and 
then Is returned to the source. Therefore, there Is no true power 
and the power factor Is 0. 

Arrf time you hav^ a ourel^y reactive circuit, the power factor Is 
0. Any time you have a purely resistive clrcul.^ the power factor 
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Is 1. Circuits having both resistance and reactance have a power 
factor of somewhere between zero an\! one, depending on the values 
of both resistive and reactl\4 components. 



When you have a purely reactive circuit, what are 
the values of: 

PF? 

67 

You know the power factor In a purely reactive circuit with no true 
power Is 0.' The phase angle Is 90*** 



In a purely resistive circuit, what Is: 
67 



Th^ power factor Is 1 and phase angle Is 0* 



If you know that the PP Is 0, what kind of a 
cl rcut t Is represented7 ' 

This Is a purely reactive circuit, either Inductive or capacltlve* 

: f 

If the phase angle Is 0*", and PF Is t, what kind , 
of a circuit Is represented7 



This must be a purely resistive circuit* 

Let*s see what a graphic representation of the current, voltage and 
power relationships looks like for a purely capacltlve AC circuits. 
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The power curve Is. drawn by plotting the product of Instantaneous 
voU^d^ dnd Instantaneous current through their variations. The 
posltlvealternatlons of the power graph represent power transfer 
from the-source to the capacitor* The egatlve alternations repre^ 
sent power returning to the source* 



AT THIS POtHT^ YOU MAY PERFORM THE EXPERIMENT WHICH STARTS ON PAGE 167 
PRIOR TO TAKING THE PROGRESS CHECK^ OR YOU MAY STUDY ANY OF THE OTHER 
RESOURCES LISTED* (F YOU DO THE EXPEitlMENT, TAKE THE PROGRESS CHECK^ 
AND ANSWER ALL 0/ THE QUESTIONS CORRECTLY^ GO TO THE NEXT LESSON* (F 
NOT, STUDY AMY HETHOO OF INSTRUCTION YOU WISH UNTIL YOU CAN ANSWER ALL 
THE aOESTIONS CORRECTLY* 
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PROGRAHHEO INSTRUCTION 
LESSON VI 

Phase and Power Relationships 

TEST FRAMES ARE 5, AND 17* AS BEFORE, GO FIRST TO TEST FRAME 5 AND 
SEE IF YOU CAN ANSWEK ALL THE QUESTIONS THERE. FOLLOW THE DIRECTIONS 
GIVEH AFTER THE TEST FRAHE. 



K Notice that tn Inductive circuit A, current rises to tnaxlmum 
after voltage. But I/i capaclttve circuit B^ current rises to 

maxlinum voltage. 

before/after 






Circuit A 



Circuit B 



Tbefore) 



l$9 



166 



E 1 evert-V I 



2» in art Inductive circuity we say that voltage (E) Jeads current 
(0* But Irt a capacUIve cfrcuH we say that: 




a* and JE are Irt phase* 

b» £ and K 

c» T lags JE» 

d* t leads 



\aj I leaos E 



3. trt a purely capacltlve circuity the current leads the applied 
voltage by 90*. 

Which of the below vector digrams rei>resents the phase relation 
between £ and £ In a pur#h "pacitlve circuit? 




T r 



V 
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4» To remember the phase relationships of current and voltage In 
purely Inductive and purely capacltlve circuits* you can use 
this memory aid; ELI the ICE rn an_> 




ELJLmeans that voltage (E) In a purely Inductive circuit (l) 

current 

leads/lags 

JCE^ means that current (I) in a purely capactttve circuit (C) 

, - ■■ -■ voltage (e)» 

leaS^TTags* 



(leads; leadsJ 



In a purely capacitlve circuit: 

a. E^ leads J_ by l8o^. 

b- i leads E by 180^. 

d. E leads I by 90^. 



(THIS IS A TEST FRAME. COMPARE YOUR ANSWER WITH IKE CORRECT 
ANSWEp GIVEN AT THE TOP OF THE NEXT PAGE.) 
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ANSWER - TEST FRAME 5 
c. X 'eads £ by 90°. 



IF YOUR ANSWER HATCHES THE CORRECT ANSWER* YOU MAY GO TO TEST FRAME 
17. OTHERWISE* GO BACK TO FRAME 1 AND TAKE THE PROGRAMMED SEQUENCE 
BEFORE TAKING TEST FRAME 5 AGAIN. 



6. Let's have a quick review of the three vsctors we have used so 
far in our study of and J_ phase relationships. 



i 



Match the correct term to each vector. 

. ^ . a. purely resistive 

b. purely inductive 

^ J. 

c. purely capacltive 



{U b; 2. a; 3- c) 



7» Recall that in a puiely inductive circuit the power delivered 
by the source 1$ stored In the Inductor's: 



a* electrostatic f:etd. 
b* electromagnetic field* 
c» static flfld* 



"(b) electromagnetic field 
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8» AU power that is delivered by the source in a purely capacitive 
circuit U stored in the capacitor's electrostatic field. 

Check the correct statement. 

a* All power is consumed in a purely capacitive circuit. 

b. No power Is consumed in a purely capacitive circuit. 

c. The electrostatic field uf a capacitor consumes energy. 



~^ljy"jjQ power Is consumed In a purely capacitive circuit 

9. Recall that the power tha\^ the source delivers and the circuit 
apparently uses Is called: 

a. resistive powar. ^ 

b* potential power> 

c. apparent power. 



U) appar e nt power 



)0. Recall that apparent power (P^) is 3 product of and 1^ and 
its unit of measure is the: 

_j a. watt (w) . 

b. voit amp (va) . 



(b) vol t amp (va) 

11. Also recall that reactive power (P ) is power that is stored by 
the reactive component, whether it be an inductor or a capacitor, 
and its unit of measure is the: 

a. watt (w) . 

b* volt amp reactive (var). 

^ c. volt amp (va) . 



(b) volt amp reactive (var) 
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12, Use the Mlustretion below to answer frames 13 to 17* This chart 
shows the relationship of power, voltage, and current in a purely 
capacltlve AC circuit. The power waveform indic:ites that during 
the charging of the capacitor power is being delivered by the 
source, and during the discharge of the capacitor power is being 
returned to the circuit. 




(Go to next frame* ) 



13* The source In the purely capacitive AC circuit shown in frame 12 
is furnishing to th2 circuit. 



a. 100 w, 

b. 100 va, 
100 vars. 



(b) 100 va 



Because the circuit is not consuming any power* the capacitor is 
stor I ng: 

a. 100 w, 

b, 100 va, 

c. 100 var. 



(c) 100 var 
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15* In a purely capacltlve circuit: 

a» watts equal volt amps< 

b» volt amps equal volt-amps reactive* 



(b) wit amps equal volt-amps reactive 



16* Thejcapaci tor will charge during what part or parts of the 
aItirnator*s cycle? 

a. 90* to 180* and 270*^ to 360^ 

b, 0^ to 90^ and 180^ to 270\ 

c. ■ 0^ to ISO* only. 

d. 180'' to 360* only. 



(bj 0^ to 90^ and 180° to 270^ 



17^ The energy that is stored by the capacitor^ as indicated by the 

positive alternation of the power waveform> is 

on the negative alternation. 



a. consumed 

b. returned to circuit 



(THIS IS A TEST FRAME. COMPARE YOUR ANSWER WITH THE CORRECT 
ANSWER GIVEN AT THE TOP OF THE NEXT PAGE^) 
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ANSWER - TEST FRAME 17 

b. returned to circuit 



IF YOUR ANSWER IS INCORRECT, GO BACK TO FRAME 6 AND TAKE THE 
PRCSRAMMEO SEftUENCE. 

IF YOUR ANSWER IS CORRECT, 00 THE EXPERIMENT WHICH STARTS ON THE 
NEXT PAGE. 
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EXPERIMENT 

^ WITH SERIES RC CIRCUIT 

USING THE OSCILLOSCOPE AND A SIGNAL GENERATOR 

Now that you have completed the lessons on series RC^cIrcuIts* set 
up your test equipment and circuit board and see the phase relation* 
ship of E^ and In a series RC network* Draw an 0^ scope arid a 
signal generator from the material center. 

If needed* refer to the Qperating Instructions on the scope and 
signal generator tn Module Nine. Otherwise* simp'ty study the scope 
controls and the signal generator controls. As before* the oscilloscope 
Is a RCA Model V033A. The signal generator Is an E1C0* HcJel 377. 

Using the series connected RLC vector board (PB 9-6/11-6), the 
oscilloscope and the signal, generator* do the following: 

Ensure that scope and signal generator ar^ off. ^ 
Turn signal generator AMPL (Amplitude) control to 0. 
Plug scope and srlgnal generator In power source* turn 
equipment on to warm up. 

On the vector board* open SWi , close SW2. This sets up a 
series RC network from T3 to T4. ^ 

Connect upper output terminal of the signal generator to terminal 
Jkj the lower output terminal' to T3. 
Connect black jumper from upper signal generator output 
terminal to the EXT SYNC/H Input on scope. 
Connect screwon test lead to the Input on scope. This 
test lead has three separate clips on Its head* one blue* 
one black* and one yellow. 

From scope test lead connect the short black clip to terminal 
Tl on the vector board. 

Connect a red test lead to the blue clip; this test lead will 
be used to P^ck up our signal at dlf^eret^t points In the circuit. 
On scope* set SYNC switch to EXT position. ^ 
On scope* set V range to 60. 
On scope* set WSWEEP selector to 1500. 
Adjust Intensity for clear distlrct trace. 
On signal generator* set BAND selector to Range 6. 
Set sine/square wave selector switch to SINE posTtlon. 
Set AKPL (amplitude) control to Its maximum (100). 
Using red test lead (from step 9) hold It to terminal T3* 
adjust signal generator frequency selector to about 15oS^ 
cycles on scale 

Using ^-^pe controls SYNC/PHASE snd SWEEP V'ERWiER control 
adjutt for a scope pattern like this: 




1. 
2. 
3. 

4. 

5* 
6. 

7^ 



8. 

10. 
11. 
12. 
13. 
U. 
15. 
16. 
17. 



18. 
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19' Move red test lead from terminal T3 to T^; do not change any 
scope signal generator cdntro) settings^ You should have a 



By adjusting the SYNC/PHASE control you can adjust for a trace pattern 
that Is ISC' from the pattern found at'T3^* We do not have a I80'' phase 
shfft; however* this Is why It's important not to change any control 
settings once the equipment Is ^''^t up* * 

As In the Experiment In Module Nine, feel free to vary the signal 
generator frequency, take notice of the phase relations between E^ 
and Ep at whatever settings your equipment is set at^ 



When you have completed your experiment, secure the equipment, make 
up the leads and turn the equipment back into the material center. 



YOU MAY TAKE THE PROGI^ESS CHECK, OR YOU MAY STUDY ANY OF THE OTHER 
RESOURCES LISTED. IF YOU TAKE THE PROGRESS CHECK AND ANSWER ALL THE 
QUESTIONS CORRECTLY, GO TO THE NEXT LESSON, IF NOT, STUDY ANY METHOD 
OF INSTRUCTION YOU WISH UNTIL YOU CAN ANSWER ALL THE ClUESTJOMS COR- 
RECTLY. 



pattern I Ike this 




, indicating a phase shift of 



something less than 90 degrees. 
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SUKMARY 
LESSON VI 

Phase and Power Relationships 




A capacitor tn an AC circuit causes a phas^^^^^ference between 
voltage and current* 




The.cha^t on the left represents 
the AC waveforni of both current and 
voltage In a purely cspacittve, 
tdeaUzed circuit. Nottce that 
current and voltage are 90** apart 
or out o'f phase. When current Is 
maxlii)um, both the applied voltage 
and the capacitor voltage are min- 
imum. When current goes to zero, 
then voltages are maxt^mum. 



The vector representation of the voltage-current phase relationship 
In a purely capaclttve circuit Is shown below. 



I 



VECTOR ROTATION 



(CAPAC(TIVE) 



Recall .the voltage-current phase relationships for Idealized re* 
sistlve and .inductive circuits shown below. 




VECTOR ROTATION 



^ INDUCTIVE 



VECTOR"^ROTATrON 



To remember voltage-current phase relationships In pi^ely Inductive 
and purely c^^pacltive circuits, you can use the memory aid: 

ELI the ICE man 

EU refers to Inductive circuits (l) where voltage (e) leads the current 
TiT by 90"*. Similarly tCE refers tc capacltlve circuits {C) where cur- 
rent (I) ads voltage Te7 by 90**. 

tn a purely resistive circuit, all apparent power Is dissipated In the 
toad. When all power the source supplies to a circuit Is used by the 
load, the power factor ts unity (1 or 100%). 
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In purely inductive and purely capacitive circuits, all power is being 
stored in the inductive or capacitive cofRponents and returned to the 
source through the circuit. Therefore PF 0 for all purely reactive 
circuits. In complex circuits with combinations of reslst've and 
reactive elements, the power factor (PF) Ss somewhere between 0 and 1, 
depending on the number and magnitude of components^ 

As a review, the following illustration shows the relationship of 
power, voltage, and current a purely capacitive AC circuit. 




AT THIS POINT, YOU HAY PERFORM THE EXPERIMENT WHICH STARTS ON PAGE 167 
PRIOR TO TAKING THE LESSON PROGRESS CHECK, OR YOU MAY STUDY THE LESSON 
NARRATIVE OR THE PROGRAMMED INSTRUCTION OR BOTH. IF YOU DO THE EXPErxiMENT, 
TAKE THE PROGRESS CHECK, AND ANSWER ALL OF T>HE QUESTIONS CORJ^ECTLY, GO 
TO THE NEXT LESSON. (F NOT, STUDY ANOTHER METHOD OF INSTRUCTION 
UNTIL >0U CAN ANSWER ALL THE QUESTIONS CORRECTLY. 
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OVERVIEW 
LESSON Vlt 

Capacitor Design Considerations 

(n tfiis lesson you will study an learn about the foilo'.^ing: 

-variable capacitors 
-fixed capacl tors 
-working vo! tage 
-WV rati ng and AC 
^capacitor color codes 



BEFORE YOU START THIS LESSON, PREVIEW THE LIST OF STUDY RESOURCES 
ON THE NEXT PAGE. 
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LIST OF STUDY RESOURCES 
LESSOM Vtl 

Capacl*-or Design Constderatlons 

To learh the material. In this lesson^ you have the option of choosing^ 
according to your experience and preferences, any or all of the follow* 
Ing: 



STUDY BOOKLET: 

Lesson Narrative 
Programmed Instruction 
Lesson Summary 

ENRICHMENT M/ffERlAL: 

NAVPERS 93^00A*lb "Basic Electricity^ Alternating Current." 
Fundamentals of Electronics . Bureau of Naval Personnel 
Washington^ D.C.: U.S. Government Printing office^ 1S6S. 

NAVSHfPS Oafiy-'OOO-OUO' "Reference. Data." Electronics Installation 
and Main t enance Book . Department of the Navy. Naval Ship 
Engineering Center. Washington^ DX.: U.S. Government 
Printing Office^ 1967. 



YOU MAY NOW STUDY ANY OR ALL OF THE RESOURCES LISTED ABOVF. YOU MAY 
TAKE THE PROGRESS CHECK AT ANY TIME~ 



Narrative 
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KARRATlVE 
LESSON VI i 



Capacitor Design Considerations 

There fre two general classifications of capacitors — (1) variable 
and (2) fixed. 

Variable Capacitors 



We are concerned with two kinds of variable capacitors. The first 
is the rotor*stator capacitor. You are orobably familiar with this 



ROTOR 



type for your radio uses a 
tlons. As the kncb turns » 



STATOR 



M)CA OiELECTRI 



rotor-stator capacitor to tune in sta~ 
it causes the plates to mesh» varying 

the effective plate area and con- 
sequently the amount of capacitance. 
The rotor-stator normally has al'^ 
fc^ its dielectric. YouwIIi learn 
more about what these variable 
capacitors do when you study 
resonance^ which we will study 
I n future lessons. 



A second kind of variable capacitor 
!s the compression capacitor. 
This type of capacitor^ ^hown In 
the Illustration^ consists of two 
plates with a mica dielectric. 
The capacitance Is varied by changing the distance between the 

ptates simply by tightening or 
loosening the center screw. The 
compression capacitor is also 

O^NStC^^^^ v^''"-'^'*^-^ found In radios. It serves to 
J}^^i\^ make fine tuning adjustments; 

however* It Is not easily access- 
ible and requires shop adjustment. 





PLATES 
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I S3 
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Fixed Capacl tors 

Fixed capacitors have a fixed value of capacitance. They are 
generally categorized by the kind of dielectric each uses. Com- 
mon kinds of fixed capacitors use electrolytic, oiK micat ceramiCt 
and paper dielectrics. . 



Electrolytic 

Your power supply has two electrolytic capacitors. The dielectric 
is d liquid or paste, generally paste. Electrolytic capacitors 
ere used when a high amount of capacitance is required. 



ALUMINUM FOIL, 




PAPfR 



O) IDE FILM 



PAPER and 
ELECTROLYTE 




The Inside of an electrolytic 
capacitor looks something 
like the illustration (upper 
left). 



An electrolytic capacitor has two disadvantages 

1) I t is polarized and musc be con nected In a circu it 
according to polarity. ' ==i— — i 



+ 1 ' 

If connected in reverse, the capacitor may be destroyed. 

Because It ?s pi^larized. It charges in only one direction 

2) The second Oisadvantage of an electrolytic capacitor ts 
t^at !t has low leakage resistance . Thar is, )t cannot 
store energy over long periods of time. 



m 
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Oi 1 Capaci tor 

The otlier fixed capacitor that deserves special mention is the 
oil capacitor, which tends to be self-healing* That is, if the 
voltage applied to the capacitor exceeds its voltage rating, the 
dielectric may break down and permit an arc between the plates. 
Capacitors with most types of dielectric would be permanently 
damaged, but in the oil type, the gap caused by the arc closes 
when the excessive voltage is removed, and the capacitor is 
useful again. DO NOT ASSUME THAT ANY AMOUNT OF VOLTAGE MAY BE 
APPLIED TO AN OIL CAPACITOR WITHOUT PERMANENT DAMAGE. 



Wor king Vol tage 

The maximum safe voltage that can be applied to a capacitor is 
called the working voltage , abbreviated WV. The WV is usually 
stamped on the body of the capacitor* 

Recill that if a great enough voltage is applied to a capacitor, 
it can cause an arc through the dielectric between the plates, 
thus damaging the component. 

If you increase the thickness of the dielectric, it can take a 
greater voltac^* However, to increase the thickness of the dielectri 
the space bet .njplates nust be increased, thus decreasing the capa* 
citance* Therefore, if you increase the thickness of dielectric 
{assuming you are not changing the type of dielectric), you must 
alsu increase the plate area to keep the same value of capacitance* 



WV Rating and AC 

In earlier lessons vtr learned that AC voltage is not normally 
measured peak to peak* Instead, a voltmeter reads the effective 
value, which is less than the stne-wave peak* 

Now constJer what would happen to a capacitor with a 100 WV rating 
[f 100 V of AC is applied to it. As tne AC peaks, it excee^!> lOO v 
and gx)dby capacitor! The voltage rating of a crpacitor !s usually 
given in working volts DC (WVOC) * Consider a 115 v AC circuit in 
which you are called upon to replace a defective capacitor. If 
you j^ere to put in a capacitor that is rated at 115 WVOC, chances 
are you would damage it because the actual voltage would 
exceed ^^e working voltage. Remember, you must take Into con- 
siderati*on that the AC w411 reach its pe^ik value twice Ir each 
cycle* Always choose a capacitor whose WVHC racing Is at least 
50 percent above the effective value of A^ that is present in the 
circuit* (Remember your meter reads eff'jctive valu^^% of AC.) 
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Perhaps you have observed that the Mpacitors In your power 
supply are rated for 50 WVOC. However, the AC source to 
the circuit Is about 115 v which exceeds the capacitor rat^ 
Ing. wni the capacitors in your power supply blow up? 
Why or why not? 



Let's hope you remember that the transfornver stepped ^own the 
source voltage In your power supply to about 2k volts. Now 
you can see the capacitors hsve a higher rating than the voltage 
appt led. 



irapacTTOr^Co^tor-Codes _ ^ 

the value may b^ stamped on the body of the component, but 
sometimes values are Indicated by color codes^ Because there 
are so many shapes and :>)zes of capacitors, no one standard system 
has been adopted. There are, however, two major sy:>tems that we 
can msnwion: 

1) Joint Army-Navy System (jan) 

2) RadJo Marmf acturer"^ Association (R.H.A,) 

A complete brealcdown of these two systems and other systems can 
be found in the Electronics Installation and Maintenance Soolc 
(£,LM.B,), "Reference Data" section. This book is available 
to you in this school and wilt be found on board most operating 
ships in the fle^t. 

Take a look at some representat ve values In the EJ^H,8, Become 
fsjillar with it ss a referen'^ , 

Usually, when you find ou need to reolace a capacitor in 

a specific piece of equi^ . your best reference will be the 
manufacturer's manuaU 



AT THIS POINT, YOU MAY TAKE THE PROGRESS CHECK, OR YOU MAY STUDY 
A«Y OF THE OTHER RESOURCES LtSTEO, IF YO*l TAKE THE PROGREsiS CHECK AND 
ANSWER ALL OF THE QUESTIONS CORRECTLY, YOU HAVE MASTERED THE MATERIAL 
AND ARE READY FOR THE MODULE TEST, SEE YOUR LEARNING SUPERVISOR, 

IF YOU OEClOE NOT TO TAKE THE PROGRESS CHECK AT THIS TIME, OR IF VOU 
MISSCO ONE OR MORE ^UESTlONS, STUOY ANY METHOD OF INSTRUCTION VOU WISH 
UNTIL YOU HAVE ANSW£REO ALL THE PROGRESS CHECK QUESTIONS CORRECTLY, 
THEN S'^l YOUR LEARNING SUPERVISOR FOR THE MOOULE TEST. 
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PROGRAMMED INSTRUCTION 
LESSON VM 



Capacr*:or Desj^n Considerations 



TEST FRAMES ARE 12 AND 20* AS BEFORE,. FIRST GO TO TEST FRAME !2 AND 
SEE IF YOU CAM ANSWER r*U THE ftUESTIONS THERE. FOLLOW THE DtRECTIONS 
GIVEN AFTER THE TEST FRAME. 



K Jh^tB are two genera! classifications of capacitors: the class 
In whtch the value of capacitance can be varied, and the class 
in which the value of capacitance Is fixed. 

The two classifications of capacitors are: 



2. There are two marn types of variable capacrtors. The rotor- 
stator capacitor is varlabU capacitor that usually uses air 
as its dielectric. 

A rotor-stator capacitor usually uses a/aii 



a. general and constant. 

b. f i^ed and var iabte. _ 



- - -c. ^changing and varied. 



(b) fixed and variable 



c 



dielectric. 



c. 



a. 
b. 



mica 

ceramic 

air 



(c) atr 



J. 



187 

180 



3. 



Eleven-Vi 



ROTOR 




SYMBOLS- 



When the rotor Is turned In a rotor-stator capacitor, the 
movement of the rotor plates Increases or decreases the 
meshed area of the plates. 

Capacitance is varied In h rotor-stator capacitor by: 

I a. moving the Etator. 

b. changing the plate area. 
c. changing the dielectric. 



(b) changing the plate area 



ERIC 
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4. A second type of variable capacitor ts the compression capacitor 
I tcs capacitance is changed by turning the adjusting screw which 
changes the plate separation. 




*:|^ SYMBOLS— 

The capacitance of a compression capacitor is varied by: 

a. changing ptate area. 

b- increasing or decreasing c'istance between plates. 

c. increasing or decreasing the E . 



(b) increasing or decreasing distance between plates. 

Capacitors that have a constant value are categorized by the 
type of insulating material used be^'ween the plates. 

Fixed capacitors are named according to their: 

a. dielectric. 

b. plates. 

c . capac i tance . 



(a) dielectric 
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o» Cofnmon kinds of fixed capacitors are paper, mica, oil, ceraroic, 
and electrolytic (paste or liquid)* 

Electrolytic capacitors use chemicals In the form of a fluid 

or spongy ^.electric materia) an ^ are used when a large quantity 

of charge must be stored* 

Electrolytic c$tpacttors: 

a* use a solid dielectric and have low capacitance* i 

use a paste or liquid dielectric and t^ave a low capacitance* 

c* use a paste or liquid dielectric and have. a high capacitance. 



(c) use a paste or liquid dielectric and have a high capacitance 



7' in elecjtrolytic capacitors, the chemicals permit the capacitor 
to charge in only one direction. 

tn ciVcuit the capacitor Is being charged correctly. 

TaTTW . 



r£I±Zz3" 



w 
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8* tn most cases the polarity of an electrolytic capacitor will ^e 
marked on the body. If electrolytic capacitors are charged In 
the wrong direction* they fnay explode* 

Show how to charge the capacitor by drawing a battery across It 
and labeling the terminals. 



SOliFO 5OVDC4 



SOijFO 50VDC 





9. Another type of fixed capacitor that deserves mention 
is the oi I capaci tor. 



An oil capacitor uses a/an 



dielectric. 
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)0* The oil capacitor tends to be self*heaHng tn that* if too 
high an applied voltage causes a breakdown of the dielectric 
and an arc between the plates* the ol) Is capcible of sealing 
the gap and'restoring the capacitor to a useable condition when 
the voltage \i removed* A breakdown of tfe dielectrics In most 
capacitors permanently damages the component. 

on <ia{^acltors: ; ^ 



a> are permanently damaged by arcing* 
„ b» can repair themselves* 



V 




lb) can repair themselves 


JK The type and category of capacitor used 


In your poweK supply Is: 


a* variable olti-' ^ ^ 
b, fixed mtca* 
c* flxc^d electrolytic. e» 
d» variable electrolytic* 


• 


U) fixed electrolytic 



12* Match the characteristics fn Column B to the type of capacitor 
In Column A. ' 

A B 



rotor-stator capacitor 
2. * oM capaci ^or 
3* electrolytic capacitor 

compression capacitor 



a. plate area changes 

b. ptate spacing changes 

c. self-heal Ing 

d* usual ly polarized 



/ 



(THi: -S A TEST FRAME. COMPARE YOUR ANSWERS WITH THE CORRECT 
ANSWERS GIVEN AT THE TOP pF THE NEXT PAGE.) 
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ANSWERS - TEST FRAME 12 

1. a 

2. c 

b 



IF ALL YOUR ANSWERS MATCH THE CORRECT ANSWERS, GO TO TEST FRAME 20. 
OTHERWISE, GO BACK TO FRAME I AND TAKE THE PROGRAMMED SEQUENCE 
BEFORE TAKING TEST FRAME 12 AGAIN. 



13. The maximum safe voltage that can be applied to a capacitor 
without damage is called Its working vol tage . Working voltage 
Is abbreviated WV. 

On the capacitor below, the letters following the voltage 
are WVDC . It means that In a DC circuit the capacitor has 
, a of - * volts* 



(working voltage; 250) " 

Recall that when we read AC voltage with our Simpson meter, 
we are reading the: 




a* peak value* 

b* peak-to-peak value. 

c* effective value* 



(c) effective value 
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15* The effective value of AC is not the peak or maximum E_ or J_ 
generated for a particular alternation of a sine wave. 

The peak value of an alternation is ^^^^ 

^ effect'Ive value. greater/less 



(greaterT 



16. The effective value of the circuit shown below is equal to 
what value of DC? , 



a. 310 V DC 

b. 115 V be 

c. 220 V DC 



0 



220v 



(c) 220 V DC 



17* Because of the peak voltage^ a capacitor rated at 220 WVDC 

be used in a 220 v AC circuit. 

(can/cannot) 



(cannot) 



18. If the capacitor Is rated In WVDC and It is to be used in an AC 
application^ you must allow at least 50 percent more \/oltage 
rating than the effective value of the AC voltage* 

A capacitor that Is rated at 115 WVDC can be used in a: 



a. 50 V AC circuit. 

b. 100 V AC circuit. 

c. 115 V AC circCNt* 



{a) 50 V AC circuiT 



187 194 
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19. The type and thickness of the dielectric in a capacitor are 
prime factors in determining how much voltage It can with- 
stand. 

The working voltage of a capacitor is primarHy determined by 
the: 

a. type and thickness of the dleleotrlc. 

b. capacitance. 

c. area of the dteiectric. 



(a) type and thickness of the dielectric 

20, Select the capacitor^whose voltage rating Is the lowest that 
can be safely used In a circuit with a USv AC source. 



a. 



b. 



V" ) 200 WVDC / 

.OSuf \ 
175 WVDC / 



c. 



V~y 120 WVDC J 



(THIS IS A TEST FRAME. COMPARE YOUR ANSWER WITH THE CORRECT 
ANSWER GIVEN AT THE TOP OF THE NEXT PAGE.) 
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ANSWER - TEST FRAME 20 
b 



IF YOUR ANSWER MATCHES THE CORRECT ANSWER, GO TO FRAME 2l AND COM- 
PLETE THE PROGRAM. OTHERWISE, GO BACK TO FRAME 11 AND TAKE THE 
PROGRAMMED SEftUEHCE BEFORE TAKING TEST FRAME 20 AGAIN. 



2t. Although the values of voltage and capacitance may be stamped 
on a capacitor's body, values are sometimes given in mirch the 
same way as resistor values. 

Some capacitors are . 



(color coded) 



^ J 

11* Because there are so n:any shapes ahd sizes of capacitors, one 
standard system of color coding has not been developed* 

There are, however, two major systefTis that we can mention* 
These are the Joint Army-Navy system (JAN) and the Radio 
Manufacturers Association (R»M»A0* 

A complete breakdown of these two systems and other systems 
can be found In the Electronics Installation and Maintenance 
Book (E.t»M»&»), ^*Reference Data" section* This book Is avall*^ 
able to you \n this school and will be found on board most 
operating ships In the fleets 
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IF YOUR ANSWERS ARE CORRECT, YOU MAY NOW TAKE THE PROGRESS CHECK, OR 
YOU MAY STUDY ANY OF THE OTHER RESOURCES LISTED. IF YOU TAKE THE 
PROGRESS CHECK AND ANSWER ALL THE QUESTIONS CORRECTLY, YOU HAVE MASTERED 
THE MATERIAL AND ARE READY TO TAKE THE MODULE TEST. SEE YOUR LEARNING 
S'UPERVISOR. 



IF YOU DECIDE NOT TO TAKE THE PROGRESS CHECK AT THIS TIME, OR IF YOU 
MISSED ONE OR MORE QUESTIONS, STUDY ^Y METHOD OF INSTRUCTION YOU WISH 
UNTIL YOU HAVE ANSWERED ALL THE f^ROGRESS CHECK QUESTIONS CORRECTLY. THEN 
SEE YOUR LEARNING SUPERVISOR AND ASK TO TAKE THE MODULE TEST. 
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SUMMARY 
LESSON VI 1 



C apacitor Design Considerations 

There are two general classifications of capacitors — (I) variable 
^and (2) fixed. 

Variable Capacitors 

Variable capacitors are constructed in such z way that their capacitance 
values can 'be'changed by mechanically varying either the plate area or 
the plate separation^ 



ROTOR 



SYMBOLS- 



STATORi 




The rbtor-3tator capacitor 
3tiown in the diagram varies 
£ by changing the plate area^ 
This Is determined by the de- 
gree of meshing of rotor and' 
statbr plates. This type js 
an example of a capacitor ^ 
which"^ normal I y uses air -as a 
dielectric. 



MICA DIALECTIC 




PLATES 



SYMBOLS — 1^ 



The compression capacitor con- 
sists of two plates with a 
mica dielectric* The. capaci- 
tance Is varied by changing, 
the plate separation. 
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Fixed Capacl tors 

Ftxed capacitors have constant capacitance values and are generally 
classified by the kind of dielectric used. Common dielectrics for 
fixed capacitors are: paper* oi1» mica» ceraniiic'» and e-lectrolvtic. 

The choice of the type of capacitor for a c i rcuJ t . configuration 
depends on many variables^ such as capacitance^ working voltage^ 
leakage resistance^ and size* 

\ 

Working Voltage ^ 

-The maxiniunii safe voltage, that can be applied ax:ross.^a given capacitor 
Is called the working voltaoe, WV , Capacitors witlr^arge working 
voltages usually lave relatively thick dielectrics which require 
considerable plate spacing, thus limiting the capactt^ce.. 

In choosing capacitor working voltages for AC circuits, remember 
that AC peak voltage Is higher than the effective voltage '^ Since the 
working voltage of a capacitor ts usually expressed In DC, choose WV 
values at least 50 percent higher than the AC .vol tage requirements* 

Capacitor Color Codes 

A'slngle standard coding system for indicating capacitor values does 
not exist. There are, however, two major systems that are conimonty 
used: 

K) Joint Army-Navy System (JAN) . 
2.) Radio Manufacturers Association (k.M.A.^) 

Consult the Electronics Installation and Maintenance Book (EJ.M.sJ 
for a complete breakdown of these , two systems and -others. 



AT THIS POINT, YOU HAY TAKE THE LESSON PROGRESS CHECK, OR YOU MAY STUDY 
THE LESSON NARRATIVE OR THE PROGRAMMED INSTRUCTION OR BOTH. IF YOU TAKE 
THE PROGRESS CHECK AND ANSWER ALL OF THE QUESTIONS CORRECTLY, YOU HAVE 
MASTERED THE MATERIAL AND ARE READY FOR THE MODULE TEST. SEE YOUR 
LEARNING SUPERVISOR. 

IF YOU DECIDE NOT TO TAKE THE MODULE TEST AT THIS TIME, OR IF YOU MISSED 
ONE OR MORE QUESTIONS, STUDY AMY METHOD OF INSTRUCTION YOU WISH UMTIL YOU 
HAVE ANSWERED ALL THE PROGRES^ CHECK QUESTIONS CORRECTLY. THEN SEE YOUR 
LEARNING SUPERVISOR TO ASK FOR THE MODULE TEST. 
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